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GOAL MININO. 886 

diameiear in a depth of « ft will be -r^— ft. Thiu if the thickness of the overlying water-hearing 

1*5 X 100 
ooTer be 100 ft., the redaction at that depth will be ^ — = 12*6 ft.; if the diameter of the 

shaft outside the brickwork is to be 15 ft. 2 in., the excavation mnst be begun with a diameter of 
16 a 2 in. + 12 ft 6. in. = 27 ft. 8 in. 

When the sinking has been laid out to the requisite diameter, and the surface soil removed to as 
great a depth as the ordinary method of curbing will safely sustain, a strong wooden curb, about 
6 in. by 6 m. in section, and of a diameter 6 in. less tlian that of the excavation, is placed in position 
at the bottom, and perfectly concentric with it The piles to be used should oe about 6 in. by 

8 in. in sectioxi, and from 10 ft. to 15 ft. in length ; their lower ends should be pointed and shod 
with iron, to enable them to penetrate the rock, and their edges should be planed true and bevelled, 
so as to ft>rm a close joint when placed in contact around the circular curb. These pUes are 
then driven down side by side against the outer face of the curb, care being taken to keep them 
vertical, that their edges may remain in contact throughout the length. A wooden maul is the 
most suitable instrument for driving the piles, and where the ground is strong, the piles should be 
hooped at the head, to prevent them firom being crushed and split by the maul. It will not 
often be possible to drive the piles down to their full length at once ; usually about 5 ft. will be 
practically the limit Supposing the piles to have been driven down to this depth, the earth will 
DC taken out from the inside to a depth of 3 or 4 ft. or less, according to its strenfi;th, and another 
curb of the same diameter laid to support the piles. When the support of the curbs has been sub- 
stituted for that of the earth, the piles are again driven down as far as they will readily go, and the 
esdrth excavated from the inside, other curbs being placed to support the piles. These operations 
are repeated until the piles have been driven down to their full length. 

When the earth has been excavated to within, say, 3 ft of the lower ends of the piles, and a 
curb laid at that depth to support the latter, another curb, 18 in. smaller in diameter than those 
previously laid, is placed inside the bottom one, and 3 in. distant from it all round. Into the 
annular space between these curbs, a fresh course of piles is set, and driven down as far aa they 
will go, and the operations of excavating, curbing, and driving are gone Uirough as before. On 
approaching the foot of this second course of piling, another curb, 18 in. less in diameter than 
those just put in, is laid within the bottom one, and a third course of piling is set in the 
annular space between them, and driven down. These operations are repeated until the stone 
head is reached. When the stone head is reached, the wedging curb is laid, and the walling or 
tubbing erected as quickly as possible. The space between the shaft lining and the piling is 
filled up, as the walling or the tubbing proceeds, with clay. 

The method of piling followed on the Continent differs somewhat in detail. The piles used arc 
about 3 ft long, from 4 in. to 5 in. broad, and 1 in. thick. lustead of being driven into the ground 
vertically, they are given an outward indioation of 10*^ or 15°. When those piles have been driven 
in to their full length, the earth on the inside is excavated to a depth of about 2 ft. 6 in., or 2 ft. 

9 in. ; and before Sie thrust of the earth has brought the piles into the vertical position, a second 
curb is placed to snpport them. Around this curb, a second course of piling is driven as before, in 
diverging directions, and the earth again excavated. If the piles preserve their inclined direction, 
another set is driven vertically behind the curbs, and the space netween the two sets is filled in 
with bits of wood. All systems of piling for passing through water-bearing beds are merely 
modifications of the two foregoing. 

Water-bearins drift deposits may frequently be passed through by the method of backcasing. 
As the sides of uie excavstion will not stand alone if the height exceed a few inches, curbs will 
have to be put in verv frequently, at intervals of three or four courses of bricks. Also the length 
of the segment to be bricked at one time must be reduced in a proportionate degree ; one-tenth of 
the circumference being as much as may be removed with safety. It will be necessary to support 
the curbs from above, in ground of unstable character ; and may be effected by means of stringing 
dealii spiked to the curbs and to balks of timber at surface, in the manner adopted for wo^en 
curbing. Iron rods constitute a better means of suspension than the deals, and should be l^n. 
in diameter, one to each segment. The usual mode of fixing the rods is to pass them through the 
bottom curb and through the balk of timber at surface, and to secure them to those pieces by 
nuts. This mode of suspension will be adopted when the bottom of the course of walling has been 
reached, and the sinking is to be continued in some other manner ; as, for example, by means of a 
drum, when a bed of quicksand is met with. When the quicksand is encountered at a considerable 
depth, the lower course of walling may be suspended, by means of iron rods, from an upper course, 
instead of carrying the rods to surface. 

The methoa of backcasing, though generally successful in even very wet marl, is inapplicable 
to quicksands, by reason of the tendency of the sand to flow with the water into the excavation. 
When such beds are met with, it becomes necessary to have recourse to piling, or to the brick 
drum. In the method of sinking with the drum, generally followed in the Lancashire district, 
when a bed of quicksand is encountered beneath some fathoms of cover, the backcasing, which has 
been put in down to this point, is suspended by means of iron rods from balks of timber at 
surface. The first operation is then to construct the drum to support the sides of the excavation, 
and it may be of wood or cast iron. If it is to be of wood, a sufficient number of oak curbs, 
usually 6 in. in breadth by 4 in. in depth, are placed at intervals of 2 ft. or 2 ft. 6 in. apart, until 
a length is made up greater by a few feet than the thickness of the bed to be passed through. 
Upon the outside of these curbs are firmly bolted, with their edges in contact, pieces of planking, 
called lags. This lagging is to take the place of the back sheathing, in the method of wooden 
curbing, and aa the pressure against it will be great, it should have a thickness of 3 in. The 
edges of theae pieces should be truly planed to the circle of the excavation, so that when placed in 
contact they may bear evenly and ftilly upon each other ; this equal distribution of pressure may 
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be best attained by limiting the breadth of the lags to 4 or, at most, 5 in. Gonstracted in this wii^ 
the dram resists like an arch, and it can yield only by the destraction of the material by com- 
pression. The arch is composed of the lagging alone, the curbs merely serving as supports to 
keep the elements of the arch in their places. The trne fitting of the joints is also necessary to 
keep out the water, for the dram is to serve as a short length of tabbing at that portion of the 
shah where the quicksand occurs. Around the bottom of the drum, and on the outside, a plate 
of iron, about 2 ft. broad, is bolted so as to project half its breadth beyond the lower end of the 
dram. This plate is called the leader, and its use is to enable the drum to cut its way into the 
sand or soft clay. 

The drum is lowered into the shaft and brought to rest with its cutting edge upon the bottom 
of the excavation ; to give the dram weight, the spaces between the curbs are filled up with 
brickwork. The sand is then carefully excavated from the inside of the dram, which sinks 
through tiie bei), the leader cutting its way down as the resistance is diminished by the removal 
of the sand. Sometimes the friction against the sides of the dram will cause it to stick, not- 
withstanding the weight of the bricks inside; additional weight is applied in the foUowine 
manner. Four pieces of timber, two bearers and two cross-pieces, are laid upon the bottom curb 
so as to leave a rectangular- opening in the middle, and pieces of board are laid upon these 
timbers around the central opening. Upon this staging, bricks are built up to the top, or as far 
as may be needed to give the requisite weight. When the dram has sunk through the sand, and 
a few feet into the clay beneath to form a water-tight junction, the sinking may be resumed in the 
usual manner, by backcasing to the diameter of the curbs inside. When the permanent walling 
is put in, it will be built up inside the drum, which merely serves as a backcasing ; but the 
curbs may sometimes be recovered. 

Tliough a wooden drum may be run to a much greater depth than a course of piles can be 
driven, it is nrg^ as an objection to this dram that it reduces the diameter of the excavation to 
the same extent as the piles. To remedy this, wrought iron, in 1-inch boiler plate, has been 
substituted for the wood. But, as O. G. Andr^ remarks, in his excellent work on ' Coal Mining,' 
•to which we are largely indebted for this article, the liability of these drams to collapse 
renders them far more objectionable than wooden drams. Drams of cast iron are constracted in 
segments, in the same manner as ordinary tubbing, but with the flanges and strengthening ribs 
on the inside, so that the outside of the dram may be smooth to allow it to sink through the 
sand. Such a dram will seldom need to be weighted, and the reduction in the diameter of the 
excavation occasioned by it will not be more than half that due to the wooden drum. A well- 
constracted cast-iron drum may be ran in so as to constitute a portion of the permanent lining of 
the shaft, and when this can be accomplished, the oast-iron dram will afford the most economical 
means of passing through a bed of quicksand. 

In Germany and in Belgium, a method of sinking through quicksands is adopted very similar 
in character to that of the dram used in England. In this method, a cylinder of masonry is 
substituted for the wood or iron of the dram, and the masonry is made to rest upon wooden 
curbs, the bottom one of which is furaished with an iron leader, to enable it to cut its way through 
the sand« A similar method of sinking a shaft was adopted by Brunei in excavating the Thames 
Tunnel. 

In the Anzin coal district of France, beds of quicksands, locally known as torrents, are met 
with below the chalk marl, 70 to 80 yds. from the surface. When the excavation has been walled 
down to near the quicksand bed, a wooden curb, of the same diameter as the shaft, is wedged 

X'nst the rock beneath the walling. The use of this curb is to afford a point of support against 
ih screws may be set during subsequent operations. Besides the wedging, two oearers are 
placed across the shaft above the curb, and firmly fixed into the rock, to prevent the curb from 
Deing forced up bv the pressure to be brought against its lower side. An oak curb, of the dimensions 
of those used for tubbing, is then laid upon the sand, at the bottom of the excavation, and beneatli 
the wedged curb. This oak curb is provided with a cutting edge, by bevelling the under side, that 
is, the outer face is made twice the depth of the inner face. Around the outside of the curb, an iron 
plate is screwed to form a leader, the heads of the screws being countersunk, to avoid projections 
on the outside, and the lower edge of the plate being allow^ to extend an inch beyond the 
wood. The segments of the curb are joined by tenon and mortise, and the joints are strengthened 
by iron straps. Pressure screws, to be applied after the manner of a lifting jack, 4 in. in diameter, 
and from 8 ft. to 10 ft. in length, are then set upon tlie cutting curb, and made to abut against the 
wedged curb placed above for that purpose. When the cutting curb has been got perfectly level, 
and the screws have been tightened, the former is pressed down, by turning each of tne latter about 
one-third of a revolution in succession. As soon as the sand appears behind the descending curb, 
and on a level with its upper side, means are taken to prevent it from fiowing over into the excava- 
tion, by driving in pieces of fir sheathing, sometimes preceded by straw bands. The jack screws are 
then removed, and a second tubbing curb, of ordinary construction, is laid upon the first, and bound 
to it by means of vertical iron straps, nailed on simultaneously at several equidistant points. The 
screws are then replaced, and the tubbing is again forced down, until the second curb is on a level 
with the sand. A third curb is then placed upon the second, and strapped to it in the manner 
described ; the sand displaced by the curb is removed, and the tiiree are again forced down. These 
operations are repeated, until the lowest, or cutting curb, has entered the clay beneath, when the 
shaft, throughout the length occupied by tiie sand bed, will have been securely tubbed. Pebbles 
are picked out from beneath the cutting edge by means of tongs. When the clay has been reached, 
the sinking Is carried on in the usual manner, until a foundation for a wedging curb is met with, 
upon which the wood tabbing is carried up to the cutting curb. The bevelled edge of the latter, 
with its iron leader, is then cut away in portions, leaving its under side level, and a curb of suitable 
thickness is inserted, to join and complete the tubbing. 

Another method of sinking through the upper water beds of this district partakes of the chaiaoter 
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of the preceding, and of that of piling. The ezcayation having heen began of a Boffloient diameter 
to allow of the aubeequent neceasary rednctiona, is carried down till the water is met with, when the 
bottom is levelled, to receive a wooden curb. This curb, which is generally polygonal in form, is 
4 in. in breadth, and 12 in. in depth, and it is strengthened at each of its angles with iron straps. 
Behind this cnrb, piles are set, and driven down vertically side by side, so as to form a close joint. 
These piles are 6 tt. to 7 ft. in length, 4 in. broad, and 1 in. thick, and they are first driven down about 
half their length. The sand or marl is then removed to a depth of 12 in., which is equal to the 
depth of the curb. A second and similar curb is laid upon the first, and the two are driven down, 
by mauls, to the bottom of the excavation. The earth is again removed to a depth of 12 in., a third 
curb is laid upon the second, and the whole are driven down with the maul, as before. During 
these operations, the piles are kept in advance of the bottom curve. If the curbs become fixed by 
the pressure against them before the foot of the piles is reached, the remainder are put in from 
below. When a tubbing of curbs has been put in, in this manner, to nearly the length of the piles, 
a curb of the same sectional dimensions, but of 10 in. less external diameter, is laid within those 
already fixed, and on a level with the lowest; and a second series of piles is driven in between 
the inner and outer curb. These piles are not driven in to their full length, but are left to stand 
out about 12 in., so that they may oe nailed to the first series of curbs, should the forcing down of 
tlie second carry the piles with it. This second series of curbs is sunk in the same manner as the 
first, and the same operations are repeated for all the subsequent series needed. This method has 
been successfully adopted in numerous instances. 

The Kind-Chaudron system, which consists in boring out the shaft from the surface by means 
of apparatus similar in character to that used for prospective borings, has been successfully applied 
on tne Continent. 

Opening out and the driving of narrow ways have been preyiously referred to in this article at 
p. 370. 

The first operation in getting the coal is to remove the support from beneath it by undercutting. 
This consists in cutting a groove along the bottom of the seam to a depth of 2 ft. 6 in. or 3 ft 
The object of good hding or ondercuttiug is to remove the support of the superincumbent coal 
with the least possible waite Or creation of slack, especially with thin seams, in which case it is 
preferable to hole in the under clay. Holing in the under clay is, however, not always feasible on 
account of the nature of the clay ; the operation is frequently effected in the partings, or shaly 
deposits, beneath or separating two bands of coal. When the holing is made beneath or in the 
lower portion of the seam, the layer of shalj^ or pyritous matter constituting the parting falls with 
the coal and becomes mixed with it, depreciating the value of the produce. Goal so mixed with 
dirt is said to be fouled, and is described as dirty coal. Before hewing is commenced, the wall-face 
is divided into lengths or stints of about 2 yds., one length being allotted to a hewer. If the 
holing, is to be at the bottom of the seam, the hewer lies upon his side, in order to cut the groove 
as mirrow as possible. The best hands will hole to a depth of 8 ft. or 3 ft. 6 in. without exceeding 
a height of 12 in. on the face. In order to have sufficient room to swing the pick in, the height of 
the holing is kept at nearly 12 in. for some distance in, and then gradually reduced to nothing at 
the full depth. This gives an average height of about 9 in. for the whole holing. The hewer, 
having cut awav the face to begin the holing, chips away the coal or the clay. He then clears out 
the d^ris which encumbers the groove, and repeats the blows, working forward in this manner 
from one end of his stint to the other. In holing to a depth of 3 ft. or 3 ft. 6 in. the hewer places 
himself almost beneath the coal, and as the latter is apt to fall when the support is removed from 
beneath it, the coal has to be propped or spragged at intervals. Generally the coal requires to be 
detached at the sides as well as at the bottom, to ensure its full in a mass. In narrow workings, 
as in the driving of levels, this side cutting is indispensable. The operation known as shearing 
consists in cutting a vertical groove, similar to the noling at the bottom. In narrow places, one 
side is often sheared and the other broken down by blasting, and this expedient is resorted to in 
long-wall wide workings, to avoid the necessity of shearing. The latter operation will have to be 
adopted at intervals, Uie frequency of which will increase with the strength of the coal. The 
advantage of blasting is merely gain of time, because as much small coal is made by the blast as 
by cutting. 

When the holing and shairing have been completed, the coal has to be removed from the seams, 
involving three operations — falling, breaking-up, and loeiding, usually performed bv two different sets 
of men. To fall the coal, the spragga are removed, and the coal sometimes falls by its own weight. 
But when the ooal is resisting recourse is had either to wedges or explosives. When wedges are 
employed, they are driven in with sledges between the coal and the roof at intervals of a few feet 
apart ; and to complete the falling of the mass, the iron bar is used. When the coal is very strong, 
and often when it is not strong, the falling is effected by gunpowder. A few shot-holes are rapidly 
drilled by hand in the upper part of the soft coal, and lightly charged. A light tamping of shfUe 
is forced in, and the blast is fired quickly. The coal is much more broken by this means than by 
the wedges, but the effectiveness of the operation, and the ease and rapidity with which it may be 
performed, are usnallv sufficient to induce the miner to adopt it in preference to that of wedging, 
notwithstanding the better condition in which the latter leaves the coal. 

When the coal has been brought down, it is broken up into blocks as large as can be con- 
veniently handled, and conveyed in tubs to the shaft to be raised to surface. Goal, like rock, 
increases largely in bulk when broken up, and this must be ooasidered in an estimate of the cost of 
a driving and in making provision for the execution of the work. It is impossible to estimate what 
the exact increase of hvSk will be in any given case, but a general average is to be attributed to the 
Ibllowiog proportions ; — 

The increase in the bulk of coal when broken up is in the proportion of 1 to 1*6; that is, a 
oubio yard of coal in the seam will occupy a space of 1 ' 6 cub. yd. when removed and broken up. 
The value of 1*6 cub. yd. in feet is 43*2, and a tub having a capacity of 24 cub. ft. will contain 

2 2 
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^^ of thit qTMudtj; there will be reqaiiod -^ = I'B tub to convey Bw«y thk qiuntity; in 
otber words, one onb. yd. of Mlid aotl will break up into 1'8 tub load. But the size of the taba 
employed will materially inflnenoe the degree of inorcMO in bulk, tliia increau being gre»ter in 
tube of unall rapacity thau in those tuTlng larger dimengiumi. When Bmatl tube are naed, a 
relBtiyeiy greater number of loads will be oblwoed from a cub. yd. of ooal. Also the inoreaaa In 
balk will ba greater wben the oo»l is Btrorig, and, oousequently, broaka up into large blocks. When 
the Bicavation ii in nick, the diatanoe of tlie ahot-holes apart, and the strength of the eiplomva 
employed, will influeDce the iocreaae in bulk. For when deep bolea widely ipaoed are adoplod, 
the rock u brought out in larger fragmenW thau when the blasting is earned out in numerona 
shallow holes: and the stronger the eiploeive the more shattered is the rook. Geneisliy the 
inoreaseof bulk in the lereU of a mine may be taken aa 1 to 1-75 for coal, 1 to 1-70 for shale, and 
1 to 1 * 80 f»r candstooe. 

As there is an iocreose in bulk, so is there a deerease in weight If the a»er»ge weight of 
bitnminoDs coal U 2133 lb. the cnh yd., its weight when broken op will be ^^ = 1219 lb. the 
oub. yd. Henoe, a tub having a capacity of 24 oub, ft will ooulaia lOBO lb. In like manner, the 
weight of shale being 153 lb. the onb. ft., that subalanca wiU weigh 90 lb, the onb. ft when 
brokan up; and the weight of sandstone being 158 lb, the cub. ft, this rook will weigh in a 
broken state B8 lb, the oub, ft A tub of the same dimensions will, therefore, contain 2160 lb 
of the farmer, and 2112 lb. of the latter. 

To facilitate the removal of the coal and rock dislodged from the faoe of the heading tbe floor 
ihonU be laid with a double line of tram rails. Theae may be of light weight, end of any form 
that may be deemed suitable. When the driving is executed witli the aid of machine drills, the 
floor is frequently laid with only one line, from which sidings are laid off aa required Theae 
tnirawftys are only of temporary character, to be replaced by the pennanent lines when the 
excavation la completed. 

The danger and labonr of undorontling by the pick is great and waatuful, even with a skilful 
hewer, in consequenoo of tfae Urge pmporlion of slack made, ospeoiully in thin sfams. The dlHe^ 
enoo lu the amount of this slaolc wliich is made by maaual and by muchioe bolinft is indicated bv 
Figs. 853 and 851. In Fig, 853 the cool is undeitiut by the pick to a depth of 3 fl , the lieight of the cut 
ranging from about l« to 18 in. at the faoe to about 2 in, at the back, or an average ol' 9 m. Fig, 
851 shows the «eam nudercnt 1o the KUDO depth by maobioe, the out having a uniform height of 3 in. ; 



hero but one-tbird of the quantity of slack U made, aa compared with mannal holing ; and this 
represents a corresponding increase in the value of the ooal got, tbe slack being oomparativelT 
worthless. Anntber advantage of machine holing is the iocreased rapidity with wbiob tbe woA 
can be carried on; a superior workman will nndereot a faoo of about 5 yards of ooal 3 ft. deep in a 
day of ten hours, in a coal of medium hnrdness, but thii rate of progress is exceptional ; while a 
isachine in the same time woold undercut as much as ISO yards, or even more, to a depth of 3 ft 
In tbe pick action by han<l labour most of the power is expended on the back atroke of the pick 
and in keeping it level. By taming a winch handle more than twice the power may bo developed, 
and a wheel cutter actuated by this method by band would be more cBective than the pick aotion ; 
and this arrangement has been succesarully adopteil in Lilientlial'a mannal-poner oont cutting 
machine. One of the dlMculties in coal cutting is the irrfgitlarity of the strata, especially in the 
roof; bnt as rapid working is always fuvonmble to the maintennnco i^ the rooF, the nse of the 
machine is of advantage, ss by its use the undercut can be made and tlie coal taken away before the 
weight of tfae roof has time to come upon it : thna increesing tbe safety of the workiugs, and saving 
mucli of tbe expense which would ollietwiaa be incurred for timbering, 

Winatenley and Barker's ooal-cutiing machine, Figs. S5S and SSG, oonsisls of ■ small frame^ 
running on four wheela, and carrying two oscillating cylindeia, which may be driven either by com- 
pressed air or steam. On tbe crank shaft, and underneath the frame, is a pinion A, which gean 
into a coarse pitched toothed wheel B, the eeds of tbe t«eth of which are armed with cntli^rs sloped 
as in Figs. 857 to 860, the manner of attncbing them to the teeth of the cntting wheel being shown 
in Fig. 861 ; and these three forms of cuttorare arranged in regular succeasion around the periphery 
of the rutting wbcel B, which can be turned back under the carriage when not required, aa abown 
by the dotted lines. When the machine has been placed in poeition, the cutting wheel ia fed into 
the face of the coal by taming the liandle C, ontil tbe arm D, carrying the cutting wheel, ia at right 
angles to tlie carriogu: the out is then sdrHnoed by slowly dragging tfae machine forward, by meana 
of a chain ntlached to a crab. As the machine advances, wooden wedges are driven into the cut to 
support tbe coal ; when the machine has been moved nut of tbe way these are withdrawn and the 
coal falls. Tbis machine weighs IS cwL, ita height above the aniface nf lalli being 22 in.; it will 
cut at the rate of 30 yards an hour with a pressure of 25 lb. a sq. in., making a bding in the ooal 
3 ft. deep and 2 to 3 in. in height 
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The chief featorM in tbLa maohine are, that the awiTelling moremsnt of the arm cvr^ng the 
cnttiog vheel enable* it to cat or lioie ita oim way into the coal, the depth of cnt increaamK from 
Dothing lu about S (t. ; were it not for this ananiceineiit, k poilion of the coal would hare to be cut 
oat bj hand labour, for the purpoae of inawting the cutting wheel, nnlesa the machine were ilarted 
St the corner of a pillar, or a " looae end." It will alao be teen that when the ontter wheel u drawn 



^ 



nndBnie»tb the frame, the machine can be taken throng ntrrov roadi witboot Ibe cutting wheel 
being removed ; the apaoe required for the machine to pan being not more than 4 ft., the diameter 
of the cutting wheel, with the cutlcra attached, being 8 ft. 8 in. Anotbi'r importaot advantage in 
thia machine i>, tbat the power to drive the cultiiig wheel is applied direct on the circumference of 
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machine, in oommon with inanj others, ootisutg in its being ablo to cnt on only one side of the 
carriuge; an that whim it is neceasaiy to cat oQ buth sides uf a drift or hoadiog, the machine reqiurea 
to bo tnniGd roimd botlily , b; means of a tomtable or some similar contriTance. 

In 1672 tlilB machine had been employed for nearlr two years at the Piatt liane Colliery, Wigsn, 
in a seam of coal known as the " PembErton Little Coal,'' which was alxiut 2 ft. 4 in. in thickness, 
and BO hard that it was worked vttli difQcolty. The machine Aeqaently cut the whole length of 
the face at 120 yards in nine honra, including all stoppogea, the avenge work for one man with a 
pick being, in the same mine, less than 5 yards a day : a oomparisoQ of ooet m against band labanr 
showed but a triOing advantage in fayonr of tbe machins. 

Baird's ooal-cntting machine, also known as the Oartsherrie, is shown in Figs. E62 to B64. Pig. 
862 is a plan, Fig. 863 an end elevation, and Fig. 861 a side elevatioii. It weighs 25 cwt, and tbe 



frame on which it ia supported measures 6 ftbjSfl.ein. A single air-cylinder A, 8J ii 
and 12 in. stroke, propels the machine and also drives tlie cutters. This engine is driven at abont 
240 revolutions a minute; but the speed is considerably reduced by the gearing of the machine, and 
the cutters move slowly. From one of the iddee of the fnune a horizontal Jib J is extended, round 
wbieb pasBee an endluss chain I, carrying the steel cutlers T; there are altogether nine of these 
cutlers, and when the cutting is com- 
menced tliey sro passed forward into Mo- 
tile coal by the dintended jib. Tlie 
endlesa chain I is driven by a chain 
wheel K on the npiifiht sliafl 8. Tliia 
murhine issclf.propciling: its forward 
motinn along tlio face ia given by an 
eccentric E coat on the bevel wheel L, 
which ia fixed on the upright shaft S, 
the BtmpB of the eccentric K being con- 
nected with a lever Q, driving the 
mtchet wheel It: and the ehain which 
draws tbe machine forward ie wonud 
round tbe propelling drum H, on the 

shaft of this rulohet wheel, the other end of tbe chain being made (aA in Ihmt of the maohine. 
When cutting commences, the endless cbsin, with the distended jib, moves slowly under the coal, 
cutting at a rate vurying from 9 in. to 15 in. a mionte. Three men are required to attend this 
machine; another man is required to look after the chain, which is liuble to get out of troth; 
and a man to sharpen the cotters, which are brought to bank for this purpose after every shift. 
The breadth of the cutters is 2) id., and this represents the width of the groove made by the 
maclilue. 
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Tbe machitie ia Btrong and anlid ; it la Bzceedinglf oompaot ; and ths irorking parta are eaij of 
aacMs. When at work it ia covered bj a alieet-iroo caae, not ahown in the drairiDgs, to shield the 
gear tiom i^jory, and alao to &cilitate the movinf; forward of the nila and aleepcre ud which the 
nUHshine nuia, Thia road it formed of short pit-taila U, io 4-ft. lenetha, fitting into caat-iron 
jotnt aleepen V. The raiia and aleepen are r^fularl; taVen np behind the machine and pamed 
forward, along the aheot-iron cover, to the man in fhnit, who laja them down in readine«. The 
preaaure npon these rails, dne to the direction of the cnt or the chisela. tends to draw them towards 
the coal face. The feed is self-aotins, bnt the rate Kanire* to be made variable, and this ootiid 
eadlv be done bv altering the arm Q, whioh is worhed b; the eccentric E ; tiie hauling barrel H should 
also be worked bi^ a fricUoii clutch, lo u to allow it to slip when the cntlan come across anjthinR 
nnnsoallj haid.orfrom auj other cause beocxne jammed. Theendle»«haia form af cutter, adopted 
in this machine, is sdvaatagecias in working over an uneTen &nor; hat the method of attaohiug the 
cutter to the oliaio, bj means of bolts, is cnmbroiiB and capable of nooh improvement, while the 
form adopted for the outUag t«etb woiild not appear to be tbe best that ooold be devised for cutting, 
not scraping, tbe cnal. Thia machine muat lie started bom a loose end, and cannot be enlfred 
anjwhere, as the Winatanle; cutter can. 

Qillolt and Coplej'a coal cutter, Figa. S65 to 867. The machinerj is mounted on a atrong 
oaniage, made sumcientlj low to admit of the cutter* getting well down to the bottom of the fwe. 



A ia tbe horimntal cutting wheel, carrying in »nckets a number of outtara a. The wheel revolveH 
roond the stationary centre B, fitted to the under side of Che cOTcring plate C. which is bolted to 
tbe under aide of the fence bracket D, the bracket D is bolted to the bed plate E of the engine, 
the whole being moonted on travelling wheels F. The cutler wheel A baa internal oog lee^, m 
at 6, Kg. B65. Id tbeae a qiur pjidon Q gears, the pinion is fixed on the lower end of the qiiudle U, 



S9a 
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wo^Dg JQ a long bcAring I eaal in tba fmiDe bncket On the upper end of H there is a bevel 
wheel K, Into nhich gears a correspoodinff vheel L on the driving aWft H. The shE^ U worki 
in bearings in N, and hu kojed Dpon it the spin wheel O, deriving motion from the pinion P on 
tlio rrank shaft Q of the engine. The crank Bhaft ia driven bj the two oscillating cjlinders B, 
worked either by steam or compressed air. Tbe actioa of this machine is as follows; — On starling 
the engine a slow bat powerful rolar; motion is imparted to the cutter wheel or disc A, the ontters 
a cntting oat the ooal from the bottom of the groove towards the face of tbe working. During this 
action the entire macliine travels slowly along in order to keep tlie cutters well np to their work. 
Tbia feed motion is derived from the endless screw &, on the shaft III, gearing into the horizoutal 
worm wheel T, which is fixed on a short vertical ahuift working in a oulJsr-tiearing U in the bed 
plate, and this shaft carries at its lower end a borizontal chain pulley V gearing in(o the chain W. 
The rear end ot this chain is left free aflar first pasaitig round or being returned over the guide 
pullev V, as shown in dotted lines in Pig. 665 ; but its forward end is anchored some distance 
aboad of the machine, being first guided over a guide roller X, which is mounted on the ends of ■ 

fiir of tension rods Y and a rigid T-iron bar Z, which project from the front end of the machine, 
be object of thus guidin); the oboin, along which the moi-'hine hauls itself forward, ia to keep tlie 
machine well np to its work b; leeisting the teedency which it has to revolve toaod the centre of 
the cutting wheel. 

Figs. 868 to 870 ore on improved method of mounting the cutting wheel In this maobine. A 
bevelled flange A, Fig. 869, u formed so as to projeot inwards from the upper snrfiMe of the 



?■ » r^~i 



cotter wheel, and a corresponding telabing strip B C, Fig. 868, g,^ 

ia made concentric with tbia wheel, and ia secured by sorens on 

to the under aide of the bracket D. The bcTelled flange on the 

cutler wheel revolver in tbe apace a between the retaining strip 

C and the braoket D, the wheel working freely on its centre B. 

The wheel is thus kept up to its cut by the combined action of 

the ^nge and strip, whilst at the some time the driving pinion 

which gears into the tcelb 6 of the cutter wheel cannot get out 

of genr, since the wbrel is prevented fiom springing by the 

pruBbure of tlie strip and fiange. 

Fig. 871 19 B plan partly iu section. Fig. S72 aide elevation, 
partly in seclion, Fig. 87a a cross section, and Fig. 874 a side 
elevation of Hard and fiimpson's coal cutter. Tbe cylinders 
A are fixed to a framing supported on wheels, and the level 
of Uiis framing and its angle ran be adjusted by means of regu- • 

lating screws. The piston rods of the cylindets A are cou- 

neoted to cranks on the crank shaft B' ; upon this is a worm gearing into C on the npright 
shaft C at the lower end of which is a mitre pinion C*, gearing into the pinion D', on the 
horiiontal shaft D, on which is also fixed the bevel pinii "' "' "'" """ ' ■-— -• 



', gearing into the large bevel 



hand wheel, mitre f, boriiootal shaft ? 



in H. This fits into the socket 
he pinioD U is driven by a 
D g", and wheel <^ and geon into the segmmt and 
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inoTes the cutter wheel B eitbei to the right or left of the haming, as may be required. The 
large bevel wheel E is a*it to K\ in which the cattere W are fixed. These are made of clun 
iqnare steel, set gidewafs above and below, and ceolral to allow for clearanoe of the diac, and are 
held in the Blocks by set screwa. The outter stocks E' are eocentrio to the fulcrum on whloL the 
large bevel wheel E revolves. Whea the wheel £ revolves, the cutlers act on tlie coid with greater 




effiot dnrtng one half of the revolution than they do at the other hal^ and while the smaller radios 
of the eccentric is biwards the ooal the whole machine is drawn forward in the direction of 
the arrow by the self-acting hauling rope, which is wound on the drum I by the bevel pinions I'. To 
tlie shaft I* is fixed a bevel pinion, gearing into two wheels, which sre loose on the cross shaft 
I", but oonnected to it when required by a sliding clutoh-box ; to tbe cross shAft is fixed tlie bevel 
pinion, gearing into the wheel, on tbe upright shaft, to which is also fixed the worm, gearing into 
the wheel fixed to the axle of tbe drum I. The direction in which the machine is traversed 
can be reversed by moving tbe sliding clutch-box into gear with either of the clutches. As the 
larger radios of the eocentrio wheel E oomea into action the onttera take fresh hold of tbe ooal, and 
these alternate actions are repeated until the whole wam is andercut. The pressure on tbe 
eccentric wheel E is resieted bj the conical anlifriction bowls J, which revolve in bearings fixed 
to the radial arm H and its socket, dispensing with guides and slides. The leading end of the 
machine is kept in position, so that tbe carrier wheels nay keep on the rails vrheo at work 

■"" " ''■" — ■- - ' ■^ .-1 — - 3.'«- .1-, ..,._,. .. „-,^ j^ which is connected one end 

lie end of the bank to ho under- 
a the aide elevation. 
Fig. 874. Tbe shaft X. with the pinions V whioh gear into tooUied wheels cast on the carrying 
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wheels, aie for lereramg the maoljiDe along the nils at inolineB, or when it eftnuot be easily piuheil 
along hf hacid. 

In Figs. 875 tutd STG this machine ia amnged for driving leTola or narrow work. It cats to k 
depth of 2 A. 6 in., the catting wheel being of the same desciiption as the euttera in the nnder- 



ontting maobine. This cnttinR wheel is armngod to cut at any height and at any angle in the 
seam, and is supported oii a tcleBcopio ahaft B, which, with the porta acting: with it, ate supported 
in slides, and can be Bwiiolled rmind. Tho bottom groove Is cut Brat, and the cool supported by 
wooden wedgaa; the aiile grooves are 'then cut, and sometimes, but not always, it is found 
neeessaiT to make the top groove. The machine ia then run back, the wedgea removed, and the 
bloek of coal falls by its own weight or is toought down by wedges. Fig. S77 is a very small 
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macliine coDstraetod npOD this prioctple, and moimled upon k ctretcher bai in a muweT nnilu 
to a nok drilL lU conBtniction and modu of action will be ondentood from the fongoing; 
deecriptior 



Pig. 876 la a KcUonal plan, and Fig. 879 a longitndinal lection of JohDBon'a ooal-ontter. 
A is tbe leToWing cutter ring, to the periphery of wTiich are secured the reTeisible oatten 4. 
The ring ii carried bj the arm B, which projeota from and ia boiled at a to the adjnatftble 



bracket on the frame D, whioL ii Stted at 6 to the bed plate E, so a» to admit of its toniing freelj 
withoDt other independent moremtnt The cutting nng A is supported by aniaU antifriotion 
roIleiB il, carried bj B contained within the cutter ring, eioept at the part connected witli the 
frame. On tbe eatler ring A (here ii an nnuiilar rack e, gearing into a bevel pinion K' mnanted on 
the shaft F of the engine O, which U carried by the frame D. The bracket C is fitted to goidea 
C on the frame, and con be adjusted vertically by means of screws C", Fig. 878. This admits of 
the cutler ring A being miecd and lowered, in order to cut at any suitable hoicht, as A', Fig. B79. 
To enable this vertical adjustment to be effected without throwing the cutter ring out of gear with 



the driving mechanism, the engme ehaft F ia made in sections connected by universal joints /r, 
tme section of the Ehaft being fitted to a socket in the adjoining section, which admits of the 
longitudinal exteneion or contraotion of the sliatt. By turning the frame D upon tbe bed plate B 



Uie cutter ruig may be adjusted laterally to any angle without tArowing it out of gear. This 
MtJiiBtineiit of the rmiDe D i« eOeoted by rotating the shaft G' provided with wonoa H', which gear 



896 COAL HmiNO. 

fatto worm «h«eli H" nmmled on itnrt TCrtiMl iprndlea euryinx at their lower extnmltiM 
tootlied piniimi H, theae enfige with Begmentol racks on tbe inner Mko of the opea bed ptate E. 
The bed plate E ii ■opported at each of itt four comen by wbeeU g, the bearings of whidi are ai> 
piToted that the whecU are capable of being tninCd npon the bed plate to either of tiro podliona 
at riKbt angle* to each other, aooordii^ aa they are to mn upon one oiotherof two railway tracks J 
'<' -' , which CTOM at right angles, lae whecJa g are nnprovided with flanges, and are maintained 
_ .1 — !i. .f .V . ._. .i_ ._ 1. ._! — ._i __.i . j_i I .1. n._ t.jj pi^te, md arrangf' 

aiU J and J' there ai 
o form continnationB of either of the rails. 
1 of the arrow I, in order to cnt the coal u, the 
whaeUg of the bed plate are adjusted to tbe rails J, and the segmental plates I are tnmed Into 
■neh a poaition as t« form continnatioai of the latter, as shown by fall liaea in Fig, STS. and after 
the wheela s hare croaaed the aegmental platea, and the rotair cotter has penetrated to the 
reqiiired depth, the wliecla and segmental putea are adjnsted lo the poaitiona indicated by dotted 
line*, and the machine ia then travernd over the track J' in the direction of the arrow 2, oi 



reverse direction, as tbe case may be, tbe tetnlt of which is the cntling of a deep channel in tbe 
coaL As J and J' are of the same gauge as usually laid for mine tracks, the latter mar follow 
tbe macliiae to receive their loads; all that is neceaaary in order lo transfer the tracks front 
one track to the other being to lay carved rails J' at the poiuts of interMction, as indicated 
by the dotted lines. Cotters of various descriptions may be aeonied lo tbe cutting ring, but 
they should in all cases be reversible. The cutter, Fig». 881 to 883, consists of a block V pivoted 
to ears i, and carrying two sets of cutting points j aod/ facing in oppogite direotioiis. The 
catting points luve spacee between them, and are so arianged in reapect to ench other in tbe 
several cutters that the points of one cutter will remove the coal passed by tbe points of tbe 
preoeding cutler. Figs. 682 and 883. When the movement of tbe cutting ring Is to be reTeraed, 
the bloD^ V are tnrned npon their pivots a. Fig. 881. 




Tbe machine 1* moved antomatically u^ both of tbe tmoks. This la effected bv arraaging 
upon the driving abaft F, a worm K, to which are adapted the teeth of a worm wheel K', tians- 
mitting motion to a pinion E*, which in turn operate* a pinion K' on the spindle of tbe vertical 
oapatan L, around which is passed, one or more times, a chain N made fast at its ends. When the 
oapataa L is turned through tbo medium of the gearing above described, the chain is necessarily 
traveraed, and the machine is tbua moved alone the track J or J', according as the chain ia 
extended slong one or the other. Tho capstan and its drinng gear are aecured to and rendered 
vertically adjustable with the bracket C, thus preTenting any interruption of the feed when the 
cutter ring is lowered. 

Id workiag the maohiae it will be ooeasionall; Decessary to turn the Snme L on its bed plate, 
which ia aronmiJiahed by tuming tbe pinion H through the medium of the gearing already 
described. If this is done while tbe bed plate is stationary, and tbe cntling ring in operation, the 
result will be the gradual withdravral of the ring from the coal, and tbe tonainatioa of the obamiel 
cut. The cutting ring can be inserted to almiHit its entire extent into tbe narrow opening nbioh it 
cuts, and this opening may therefore be cot much deeper than by machines in which narrow cutteis 
are unable to penetrate to tbe eiteut of one-half of their diameter. When it is desired ta work 
above the oool, it is necessery to revene tbo arm Bupon the bracket C, as indicated by B', Fig. 879, 
When it is required to work on a level witit the floor of tlie nit or beneath the coal, a plnioo E* hong 
to the arm B may be interposed between the driving pinion E' and the rack on the cutting ring. 
Fig. 880. 

Fin. SS4 to SS7 are Oalloway and HcPherson's coal-cutting machine. Fig. 6M ia a vertical 
itde elevation, partly in irregular section, through the centre of one cylinder A, and the cntting 
wheel Jj, and its carryiug arm 1 1' ; Fig. 687 a plan ; and Figs. 686 and 885 a transTerse ssctioa 
and horizontal section taken on the lines 3-S and 4-4, Two cylindera A, lying at a considerable 
angle from each other, and the crank shaft B, are eroded and worked transversSy acroaa the centre 
of the machine in bcsiringa t b', secuicd to the side frames C of the carriage. Tbe crank B' of tbe 
taatA shaft B ia placed and connected to its rods A', so as to be worked by the tmnk pistons a of 
its cylinders A, near the outer bearing b at tbe framing farthest from the face of tbe catting Z. 
Tbe plelona and cylindora are fitted with trunks a working out through stufBng boxes a' in tho 
front covers of tbe cylinder next tbe crank shaft B, in order to give long connecting rods A' with 
the shortest ponible length of engine fmne B" and carriage C, to tbo former of which Ibey are 
bolted down at B', as low as they will possibly work well. Tbe slide-valve casings E project out- 
wards, so that tbe double cocentriea F on the overhang end of the crank sbaR B may work tbe slide 
valves V by their rods F F". The bevel pinion G fixed near the centre of tbe crank shaft B ge«ra 
with the bevel wheel Q' below, aeoured on the top of the intermediate driving abaft H ; this ia 
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wriedon I of the oairTing arm I' j, both carried in itfongbewing»B"of the en^ne frame, tecnred 
betveeo the side fremes of the tonrei part of thaeaniageCC, close to the ndeneit the face of the 
coal Z to be out, n that 1 1' and J; can iwing lonnd equally towards both ends, and out out aoder 
the coal Z to the full length of the arm and radim of the ontter wheel beyond the aide C of the 
ORTriage. The nrnning wheela D on thia aide of the &ame are carried nitbin the ftame, those on 



the other side being ontaide of the frame to give stability to the carriage on its wheels and rails z, 
the cylinders and engines ontside of the frame couDterbalancing other freights. The oscillating 
arm causes the dtlting wheel J to cut, by the screw wheel i fixed on the top oT I. The cutten being 

aiike at their opposite sides ore eaiiily rcTcrsed at the ends of the catting and transTcrse of the cnttiue 
machine, to cut backvarda ii«ain along the face of a freeb cutting of the coal Z. The cutter wheel 
3j is mule with deep leeth L and reoossee, all round the rim at tlie part where the ealterj and 
bolts/ are secured, and of pitch correapondingto the distance between the cotters, the recesses being 
fonned in the spaees between the outlets, bo as to be actuated as a epur wheel by a corresponding 
spur pinion II', secured ou the lower end of the central shaft H, bo as to work into the teeth a: 



&om the crank shaft B B', of the engine. The diameter of the cutter wheel J and its driTine 
made large euouch to cut !□ under the coal to any depth from the face and side of 



nneea LL', in the wheel J between the cutlers;', and are all driven by the iievel wheels G G', above 

direct from the crank ahafl B B', of the ' "" '* " '■■---• i . . 

pinion II' can be made large enough to 

the machine desired. The large oosa J' is bolted up through the eye J" of tlie cutting wheel 
bearing part of the under outer end of the arm 1', bo as to carry the wheel thereon bf the turned 
flanges and bearings, which are formed witli shallow grooves filled with leather packings at J", 
Fig. 887, ftJr retauung oil and maintaining a cleui heonng eurfiioe, while the CL-ntio of this eye ia 
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forawd boUow to contain a ooiiBiderable qnantit? of oil for lubrimtioa. The arm of the cntter 
wbeel La Bled in tite (untrul right-aagled cutting position for the long travcne bj the doietailed- 
hiiided BCTrew bolta I", working in a corresponding annular ilnreluilcd erooie I'" in tbe upper face 
of the lower heaTj fl«,nge of the arm II, all screwed up tigbt by tbeir screw nnl« round the 



bearing B"in the frame B.in addition to the holding action of the Bcr«w and screw wheel iV, which 
misbt &II0W uime little shake or motion of the parts. The engine A B is driren hj oompreMed air, 
whii'b it conicyi^d to it hj indiarubbcr pipos attached bj couplings to the inlet branchet A', fltted 
with itop-CDcka A"' both entering A", cast in thesole plate B". leading lo the enteringporta A'of the 
Tslie caaliig £ of the two cylindora A, the other branch A" being closed by itji stopnudc A'" or A 
blind xcrew cap at a~, each cylinder eihansting tlia waste airthrough the outlet diacharge bnmoliM 
E' ; the engine, gearing, and cattiog wheel, dritcn in the direction indicated by the arrows in Fig. 
etfS, when cutting from rijiht to left along the Toco cnt ; and in the levctMi direction when cutting 
from the left-haiid end, where the catting wheel in finishing is iwnng oat under the left-baud end 
of the carriage, tbe wheeU D D at that end being Hnt nmoved for the paipo«e, so aii to cut thecnal 
to the end, and nuke no waste there, and ntso to leave the cotter wheel Jj in position ready for a 
f^csh ttarenie and cat from that end, after rcTcrsing tbe cutton. The engines are reversed by 
turning round thiir doable rrcenlrirs F on the cud of the Crank shaft B by the hand lever /, 
re-Inserting their Siing pin f, fitted with holding spring or lever /", so ai to reverse the working 
of the slide Talvea and engine, and cause tbe cntter wheel, from wlutevcr enil of the cutting it ia 
traversed, to disebuge the waste cod cuttings which it makes quite beliind it. Tbe working porta 
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ttre ooTBied in by a portable metal cMe TWtiDg on the side of the carriage Cd not atiowii Ed the 

Bigg and Heiklejobn'a ooal-cnttiDg machine. Figa. S88 to e9C 
in height, m m to work in Ter; Uiin seuni, and this it does ii 



•nj portion of the coal. TLe whole of the working parti of tliii maohine are ao arranged tliat the 
cutting wheel can cnt in the mineral to the level of the nnder side of (he sleepera luppurting the 
raUa on nhich the machine ttSTeU ; and it is also provided with mean« of ndjusting it to cut at any 
angle ; whUe at tlie aane time retaining great rigidit; and simplicity of cooitroction. Fig. SSS it a 
plan ot Uie macbine ; Fig. 889 a Bide elevation ; and Fig. 890 an end elevation, ahowing the cotling 
wheel F, full depth into the mineral, and ontting to the level of the undai lide of the eleepen B. 



The framework A, it eonstrtiFted of enCRcicDt size and atrengtb to carry the motive and cutting 
powers, and is moaated on tlie four travelling wheels I ; the axle boxes J of these wheels are en 
conatmcted ua to allow of the whole framework, with cutting wheel F, bting adJDsteil to any angle 
irrespective of the level of the mils and sleepers. At each of the comcra of the macliino R^justing 
■crews are flied. which are nsed for raining and lowering the maeliine to suit the inclination of tho 
•eam. The motive power Euita upon the pistons of the oylinders B, whieh are mounted on A ; I he 
power being tranamitlcd to the cutting wheel P, by menns ofcmnks Dand lievclled pinion E. The 
oatting wheel it held in position aaa aapi>oiled by the arm H bolted to one aide of A ; and it is 
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SiOTided with oatten of a diApe suited to the nature of the seam which it is engaged in cntting. 
'he tnyelllDg of the machine along the face of the coal, on the rails Q, is acoompliBhed antomati- 
callj. An endless chain P, is passed round and over the two pitched chain wheels O, and its ends 
are then firmly fixed at both ends of the face of mineral to be out ; the links of the chain P are caught 
by the chain wheels O, and the machine is thus made to travel alone the coal face as the cutting 
proceeds. Motion is imparted to the chain wheels O by means of the worm L, the shaft M, and 
the jpinion on the shaft N. 

One of these machines in operation at the Hetton Colliery stands 15 in. high from the leyel of 
the top of the rails, and weighs about 25 cwt. The ayerage work done by this machine has been 
25 vds. an hour, undercutting 3. in. high and 8 ft. 2 in. into the coal. At Penston Colliery, 
Haddington, one of these machin^ has been at work for upwards of eighteen months, in a seam 
Tarying from 22 in. to 30 in. in thickness. The coal is hard and in worked on the long wall system, 
in a face of about 200 yds. in length. The average of one month's work in this mine is 130 yds. a shift 
of nine hours, inclusiye of stoppages, or 14^ yds. an hour ; the undercut is 3 in. high, 3 ft. into the 
coal, and close to the floor of the seam. The maximum speed of undercutting is said to be 60 yds. 
an hour ; but this can only apply to a seam in which the holing is very easy. 

Alexander's coal cutter is supported by wheels, and carries two cylinders with their pistons, 
Talves, and usual details for obtaining motive power from the action of compressed air. Figs. 891 
and ^2 are vertical sections at right angles to each other, showing the gearing for obtaining the 
progressive movement of the machine along the coal face ; Fig. 893 is an inverted plan showing 
the mode of connecting the jib to the under side of the frame; and Figs. 894 and 895 are a plan 
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and an edge view of one of the links of the endless chain of cutters. In this machine the jib 
D is mounted so that it can be swung round in either direction from its usual position, which is at 
right angles to the coal face, into a position parallel to the face. This enables the machine to be 
used to cut its way into and out of the coal face without previous undercutting by hand. For this 
purpose the inner end of the jib D is curved out of the plane of the endless chain, and formed 
with a large eye, to fit and turn on an annular flange, formed on the under side of the main plate. 
The jib D is held by an annular plate bolted beneath it to the flange after it is put in its place. 
The rim is formed with worm-wheel teeth, and the jib is turned as rec^uired by means of a worm 
screw engaging with these teeth, the she ft of the worm being turned with a ratchet lever by band, 
or by progressive gearing worked bv the machine itself. The jib D is fixed in its right angle position 
after being entered into the coal race by bolts, for which provision is made in it and in the bed 
plate. The machine can be placed in its proper working position in front of the coal fieice without 
previous holing for the entrance of the jib, when the latter is set lengthways of the machine. The 
cutter chain is then set in motion, and the jib gradually worked round by the screw acting on the 
worm-wheel teeth on the eye of the jib, which thus cuts its way into the coal face as it assumes its 
position at right angles to the face. Wliilst the jib is being swung round, the wheel at the 
comer is removed and a strut fixed between the opposite comer and the roof to prevent the machine 
from tilting. The driving pearing may be simplified by arranging a single spur wheil and 
pinion between the shaft of the sprocket wheel which drives the endless chain E and the driving 
cylinders. The driving pinion and crank shaft are formed in one piece, the crank shaft and the 
sprocket wheel shaft having bearings in the bed plate A and in a brscket which is bolted down on 
the plate. The chain link and cuttcxs are arranged so that there may be a cutter to every link £, 
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instead of every Klternata link. Baoh of tliMO links is nude with one end solid and tlie otbei 
formed into two cheeks to embrace the joint tongne fonneil on the solid part of the next link; 
the cotter being a short piece of bar steel held b^ a boll aguinst a projecting part of the solid end 
of the link. To effect the progressive molioD of the machine along the faoe as Ibe cutting proceeds, 
a pitch obain T. Fig. S9I, is stretched between flxed points al the ends of Ibe line of IraTerae of 
the tnachine, and with this obain there engage* a sprocket nheel IT tnming on a feed shaft V, which 
is carried parti; by the bracket W and partly by another bracket. This feed shafl, which reoeives 
a periodical motion from the drlTing wheel, has upon it a pair of rcTeraed ratchet wheels, with 
catcbea Y far prerenling the shaft from turning back. The feed shaft V is turned by means of a 
bevel wheel Z loose on it, bat capable of being engaged with it by the clntch 71, vhioh can ba 
maved into and out of gt«r by a lorked lever. The bevel wheel Z on the feed slmn gears with ■ 
bevel wheel Z" on a stod Sied to a part of .the bmcket B, and this last bevel wheel Z" is formed 
in one piece with a star wheel Z', wmcb is aoted on by stnds on tiie driving wheel L, the studs 
tnraing the star wheel Z' a oulaia distanoe each time that one is bronght ronnd by the rotation of 
the spur wheel L. 

Figs. S96 to ^9 are of an arrangemeDt of this machioe for the purpoee« of vertical catting. 
Fig. 896 is partly an end elevation and partly a vertioal section at right angles to the boe, allowing 
the jib A with its chain of catters B in the shearing posilion : Fig. 897 is a vertical section of the 
macninery; aod Pigs. B98and 899 a plan and side view of one of the liuks of the chain. Tbe parts 
not shown in these flgnrea are similar to thoee Id the machiue for nnderoutting junt described. The 
horizontal shaft E is placed the long way of tbe machine, and bas keyed ou it a spar wheel F, which 
gears with a spur wheel Q- on a aliort ahofl H, carried W tbe crank frame I, it, and is mounted 
loosely on E. The crank ftame is made in two parts I, S, placed one on each aide of the pair of 
apor wheels F Q, and bolted together, the wheels F O being between. The outer cmnk-fmmo 
piece I is made with a projectiag IxiaB L to Moeive the eyo U of the jib A, which carries the chain 




of cutters B; and the epindlo H of Ibe spur wheel Q projects through this boss L, and carries the 
wheel N which cajriee the inner end loop of the cutter chain and drives tbe chain. The eye U 
of the jib A is formed with teeth O in gear with a worm P, carried b; brackets Q fixed to the 
outer crank-frame piece I, and by means of a handle applied to the spindle of this worm the jib can 
be adjusted at any required angle. This cnnk frame is formed with a toothed aro It, aad worm 8, 
carrieii in brackets T attached to tbe main flaming C, and by means of the hand wlieel U tbe 
ciank frame I, K <xa be set round to any required poaition. The cutter holder, Figa. 808 and 
899, is similar to thnt in Figs. 894 and 895, excepting that the cotter V is an oblii^uo ohiaol- 
Bbaped piece of steel, having a socket W formed for it in a projecting part ou the link at its joint 
tongne end, a wedge key X being insertol to keep it in its place. The catlen of the sdc 

2 O 
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linba ore ia rotation incUaed In ali^tl; different direalions, bo Uiat the fall bieadth of eat ii 
made by three or four of them, the oattiag edge of each being in width eqtuJ to a pn^Mttional 
part of tbe breadth of the ont. This raodifioation of chain-link cotter tudder ii adTantsgeooily 
applicable whan bolinfi; ai well aa when shearing. 

In shearing with thia maohino, the crank fiame I. K gti, 

is adJDsted at the outer side of the maohine, so that 
the jib A can be set np from it in an inolined position 

across tbe maohiDe, with its outer end extending up ^^ 

to tbe top of the intended sheei- cat at the ooal face. 
Tbe outtars are «et to move in the direction of the 
UTowB, Fig. 396. from the macbino along the upper 
edge of the jib A, and towards the moobioo along the , 
under edge of the jib ; and as the cuttiog proceeds 
the crank frame I, K is giadnallj turned npwaids 
and over towards the coal face, whilst the jib A is 
moved on the crank bsme in soch a nay as to keep 
its outor end at the same height until it has pene- 
trated saffloientl; far into the face. The crank frame 
and jib arc then manipulated bj means of tbe worms 
S and P so as to move the out^ end of the jib down 
in a vertical or more or leas mrred line nntil the 
bottom of the seam is leaohed ; and alterwarda the 
end of the jib A ia worked ontwards from the in- 
terior of the coal faoe in a directioa as nearly hori- 
(ontal as is convenient. 

It will be seen that tbe shearing operation can be 




effected whilst the carTiase of the machine is in the position in front of tbe ooal bee which it 
ooonpies when holing or forming the horisontal cnt along tbe bottom of the ooal fooe. In order, 
however, to admit of the machine being easily moved into and ont of comers and conflned plaow 
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where It b required for ■hearing, kiid Klotig the mloe roedi, the carriBge frame U pTCvldad noar 
the mklille of each ride with a pair of axle stoda, on whioh whecla treading Imret than the ordi- 
narj whoela at the oomeri can be placed; when moDoted on theaa midJle wheeli the mM^ine 
can be turned in a comparatirelj imaU Bi»oe, and oonaeqaentlj more mmIj moTed in a ooniBiied 
or narrow plaoe. 

The object of Dingtey and Acker's coal getting apparatna, Figo. BOO to 90S, Is to facilitate tb« 
getting of coal from its natural bed b; breaktog down after onderonttuig, or b; breaking out ftom 
the Muid, and to do so by limple hand 

^tparatns, dispenaing with power machine* m, 

and the danger and inconriinietice of blast- 
ing. For theae purposea a hand drilling 
machine is employed to drill a dee^ hole in 
the coal, aaU oEterwards a breaking down 
tool la Dsed. The expanding tool is mnde 
in piecea of aboat the length of the drilled 
hole, and of oiiouUi form when placed 
tf^^ether ; in the interior of these pieoea 
are taper groorea to receive a long wedge^ 
wbith is driTen by blows into the pieces, 
and their eipanaion thus eflected ao as to 
break down the cool. 

Fig. 900 ia a side deration, Fig. 901 
an end rlevation of the dlillinir machine 
used with this apparatui, aoil Fig. 902 ia 
an enlarged view of the upper part of 
Fig. 901 ; a is the framework wnioh is 
■Geared in pMttion, between the floor and 
roof, by thescrewi 64'; c i« a eliding bar 
■ecnred to the framework by the set screw 
d, which bar allows of n greater range of 
adjustment ttian is permitted by the acrewe 
ii. The borinf; bur < ia formed of a 
piece of aqaaie uon or steel, and paeaM 
tbiongh a aqoare hole in the toothed wheel 

/. The driving wheel g ia operated by tlie oiank handle h; motion from g la f being obm- 
Diunicated by the iotermediate wheel i. This arrangement of gearing allows of the boring bar 
working chiae to the roof of the mine. > is a unt, tlirough whii^h the screwed sleeve h works ; the 
'ed il 



a aleeve k beiaa attached to and caused to rotate with the boring bar e by the set 

jring W t can be adjusted to the faoa of the work, or r 

set lorews I nod sliding the bar in or out ; to save time, when 



The boring W e can be adjusted to the fooe of the work, or removed thcrofrom. by looaeuing the 
_ . .,.!.__ .!._ i__ . . .: — -"-en the boring bar has worked inlo the 



coal the full depth of the screwed sleeve It, the nut j ia fonned in two halves, hinged together and 
■ecored by the catch m, so that it can be opened, the screwed sleeve withdrawn, and the boring bar 
adjusted withoni the necessity of screwieg the aleeve li back again. The end of the boring bar ia 
provided with cutting head n, so that the coal isjremoved in washers or ring. The breaking down 
apparatus ia sbonn in FtgH. 903 to 90G ; o are the expanding pieces, formed with taper grooves in 
their interior ; p is the wedge : Fi^. 903 is a section throngh the expanding pieces, showing the wedge 
iiwfrted; Fig. 904 tlie woilgc driven home nod the block of coal breaking away (rom the fooe 
by the expansion of the pieces o ; Figs. 905 and 906 are end views, before and after driving in 
the wedge. 
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floor oftbo hcoiUog sod the hole oiit out. This KpperatuB conaistA of a caat-stMl vedee or aliorel X, 
trhioh IB fon»d foiwartl.by the screw Y; this ecrew is turned roand bj the lever Z and catch Z' 
Mting on the toothed wheel V, being ia fact an adaptation of the mdinaij ratchet braoe. Tbe catch 



la reverrible, the end or the »crew Y working <° ■ Boeket which abnl* againBl one of the caat-inm 
props B ; the adjustable sta; serving to increase the rcdatanee to the screw Y. The wedge 
■hovel X ii H in. wide, and is parti; double wedged in crocs eeation to prevent it slipiung sidewaya 
when Uie power is applied; the full leogth oF the wedgo la 24 in., witha taper of 6in. andaacrew 
traverse of 20 in. ; all the working parts being made of^teel. 

Fie. 909 is a longitodinal section of J. Graflon Jones' hydiaulia wedge for getting ooal, and 
Fig. 909 ft croaa section on the line E E ; T are tension tnrs whioh enoloee the Inclined -*"* 




proanng blocks B; W is the wedge; B the ram; Pis the piston carrying the cnp leather; Yacrew 
plugs ; a la the screw pnmp cylinder ; D it the screw ; and / ij the reservoir of water or oil. The 

ercesing blocks B are fitted one into the other, in the cmee eectiona Figs. 910 to 912, in order to 
leroAse the amount of eipanirion ; by this srraogcmcnt the eipansiun obtainable, or Iha diatanoa 
travelleil by the prosing blocks when the wedgo has Ix^n drivoa home, is rqiuil to the diameter 
of the hole into which the iostroment can be poL This form ot pressing block renders the 
luo of split weitgGi unuoccaaiiry, as the expansion is obtained with one wedge, a point of great 
frnportaoce, for the labour and delay caused when it is necessary to introdnce additional wed^s in 
order to obtain the reqoisite degree of expansion are eonaiderable. The movement of the prcasurv 



w hy 2. The screw baa Ave thrcada to the inch, and the handle by which it is tiu-ned Is 2 ft. 
loDg: thoa the leverage of the screw )a21x2x!Ifx5 = 7S5. If therefore the weight or 
power applied to the handle be equal to 1 cwt., the preanire on the presiDg block* will be equal 
to 1 X TSS X 2 X 4 = 6010 cwt., or say 300 tons. 

This machine haa been in nae at the Kiveton Park Colliery, South Yorkahire, where the ocvl ia 
rery hard. A hole ia first drilled about the middle of the aeam, and eiactlr on the end ; into this 
bole the machine ia placed, and by the lateral movement of the preiaing blocka the ooel ia split 
along the tine of cleavage ; blocks of coal 1 yds. long and 4 fL wide oeing got at one operalioo. The 
ooal u about SfL thick, thus about 6 tons are got with one appUoation of the machine ; and this coal 
la in auch a form that it can easily be broken up with a bar for loading into the tuba, In hroRking 
down ooal which hu bctn previously holed no difficulty is eipericiiccd ; and for this work maebinea 
are made as small as 2 in. in diameter, and weighing but 40 lb. ; although with one of them a 
prcaauru of 200 tons cnn buput upfia the mineral to be broken. 

Bidder*! eral bivakcr. Fig, 913, consists of a small hTdrsnlie press A of 15 tons power, and 
weighing about 60 lb. To this press is attached a pair of steel tension straiia B, bent m the fom 
of a tolling fork, aod oonoected to the preat b; the collar C. At the end of these str^ia U Aral 
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pkoed ft cleanmoe bos D, thaat 4 In. long, and upon each side of the itrnp* oxHoding pieces B, 
made of iteel ttai IS in. loai;, vhioh exert a preistire »t tho aidet of the bole. The points of a pair 
of twin wedges, 15 in. bv 3 in., and forming one wedge, are then inserted in the expanding piece, 
and the machine is fixed in the hole. The hjdtanlic press having been charged with three pint* of 
water, which may E>e naed otsi and oTar again, is then worked by means of the small handle Q, and 
the ram H fbroed ont trom the cylinder, thus driTiug op the pair of wedges between the expanding 




B8, and giving a lateral expansion of about 3 in. This not being tn all cases sufficient to bring 
n the coal the press ii withdrawn, and the relief valve a opened, thereby allowing tlie water to 
return to the reeecvoir. A second wedge is then inserted between the two twin wedgea by means of 
a Bnall rod. flve-eigbths of an inch in diameter, and the press being again connected this wedge is 
driven home. By this means an additional expansion of 3 in. is obtained, making a total expansion 
of G in., which in most cases is fband to be snUcient; hut a third wedge con be applied if necesaai;, 
and the expansion thus increased to any reasonable extent. In this manner as much as 10 or IScwt. 
oF coal have been brought down in ten minntea. The drilling apparatus consists of a screw 4 ft. 
long by 1) in. diameter, to the end of which is attached the drill. The falcnim for taking the 
leaistanoo of the screw is obtained b^ inserting a bar of iron in the cool at the side of the place 
•elected for the bole which the machine has to drill. This small apeitnre is mode by punching 
with the ordinary instmment a hole 10 in. deni and 1 in. in diumoler. and the time occupied ir 



case may reqnire. The screw is then adjusted to this bar, sod the drill driven in the coal by a 
man taming the handle at the end of the sciew. The time occupied in drilling this hole for the 
machine, 3 in. in diameter and 3 ft. 6 in. deep, is from ten to fifteen minnt^s, according to the 
hardness of the seam. If it is neeesaary to drill the bole in sacb a paiition that the rotarv motion 
of the liandle by which the screw is propelled cannot be obtained, a ratchet may be useo, so that 
under any ciramnstanoes do difficulty can be felt in procuring the required motion. 

At a trial of this machine in a pit at North Btaffordshire, in a heading in the g ft Banhnry 
seam, nnder ordinary working eircamstanoas, the hole for the machine was drilled, and abont 
4 tons of ooal brought down in twenty-fire minnlee. It was reckoned that to have brought down 
the same amount of coal by blasting wonld have reqnired 1 lb. of powder and have taken one lionr 
to drill the bole far the charge; the maoliioe tbiu showed a saving of the whole Talae of the powder 
and thirty-flTB minatea in time. 




Lilieuthal's hand-power coal-cnILing machine, which has been used with satiafoctory results in 
different mines on tho Continent, is of simplo conalructlon, and can catiily bo moveil by two men 
and erected in narrow abtl low he«dingii. Fig. 'JH is a plan of this mnchino. and Fig. 915 an 
elevation, partlv in section. TJie cutttr wheel (J is mnde with internal co^ti, and is driven by tho 
pinion P, to which motioo ia imparted by means of tho bevel ({[earing O and By wheel W ; tho 
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wheel W being tnrned by one or more men, aooording to the hardneBS of the seam. The forward 
motion of the cntter wheel G, in order to keep the cnttera up to their work, is obtained in the 
following manner ; — A bevel pinion P' is made fiut upon the axle of the cutter whi>el G, and this 
pinion drives a second bevel pinion P" fast on the bar B, the end of this bar B is screwed and turns 
in the fixed nut or collar N, which is attached to the fixing bar F ; and so by the revolution of 
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the bar B, the cutting wheel G is gradually and regularly driven forward and kept up to its work, 
at the same time that it is guided by the cut already made in the ooaL The amount of the 
forward motion which is given to the cutter wheel at each revolution depends upon the relative 
diameters of pinions P" and P'', and the pitch of the screw B' ; for coal of average hardness and 
quality a forward motion of the cutting wheel of about half an inch a revolution has been found 
to answer best The amount of work done by this machine averages about 18 sq. ft. of coal cut 
an hour by two men. 

The cost of conveyance of the coal from the working places to the shaft may determine the 

I)rofitable working of a seam. The term haulage is applied to this operation, and includes the 
oading of the coal into the sledges or tubs, and the dragging of these to the nearest horse-road, 
descried as putting in some districts and as carting in others. Haulage comprises putting the 
coal to the road, conveying it along the road to the main levels, and conveying it again alon^ these 
levels to the shaft. In each of these stages difilerent conditions will be encountered and different 
means emploved. 

A principle to be observed is to avoid all unnecessary shifting of the coal. When the coal is 
once loaded into the tub at the working face it should not again be touched until it is shot out at 
surface. 

The conditions involved are the inclination of the roads, which may be in favour of or against . 
the load ; the regularity of the inclination and the direction, for a succession of elevations and 
depressions in the surfttoe of the roads, and the existence of curves unfavourable to the traffic ; the 
state of the surfaces over which the wheels of the tubs run, the even and firm layine of the tram 
rails, and their preservation in a state of efficiency ; and the provision of suitable and convenient 
shunts. The operations of putting the coal along ihe working face constitute the first stage of the 
labour of haulage. 

The mass of coal thrown down at the working fiioe by the getters, is broken up with sledge 
hammers by the loaders into blocks of a bize capable of being handled, care being exercised to make 
as little small coal as possible. The blocks are lifted by hand into the vehicle. It is the duty of 
the loader to reject all the impurities accompanying the coal. As, however, he gains by including 
the impurities with the coal, supervision and checks are needed. The supervision must be exer- 
cised in the working places, and the checks applied at surface. The loaders plaoe a number or a • 
metul ticket, called a token, upon each load sent away. On arriving at bank, the load is weighed 
and entered in a book according to the number it bears. 

When the coal has been loaded, the tub has to be dragged or put to the nearest road. Sledges 
were, and are still, used for this purpose. The form varies widely, but it consists essentially of a 
wooden box set upon two wooden runners. As a vehicle for the oonveyanoe of coal, the ^edge 
possesses some advantages and numerous defects. It may l)e made very low to suit the requirements 
of thin seams, costs little, and may be used without a specially prepared road. But it requires great 
force to be dragged over even a tolerably smooth fioor, and its small capacity necessitates the employ- 
ment of a great number of putten. 

Instead of the sledge, the tub is now generally adopted. It consists of a rectangular box built on 
a stout oak framing, and carried upon axles and wheels. The capacity varies generally from 5 to 
8 cwt. The wheels are flanged to run upon bridge or f rails, ana vary in diameter f^om 7^ in. to 
15 in., according to tlie requirements of the seam and other circumstances. Tubs of wrought iron 
are also largely employed ; of tliese, Figs. 916 and 917 afford typical examples, that in Fig. 917 
being fitted with a hand brake. 

Wherever the circumstances are favourable, tram rails are laid along the face. A tramway 
in such a situation is of a temporary character, and the easiest methcxl of laying the rails is 
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deomble. One of the simplest tramways consists of half-round fir sleepers, provided with two 
notches into which the rails are laid, and held in place l^ means of wedges driven in on the 
inside of the. rail. 

The subject of the wheels and axles adapted to tabs and colliery trams vriU be found treated 
in this Supplement, under the head of Axles. 



916. 
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In driving the roadways, undulations in the floor should be avoided. The form of the rails, and 
the means employed for connecting the rails to the sleepers, are the same upon important under- 
ground engine planes and upon surface railways, the only difference being in the dimensions of the 
material used. On the less important ways, simpler means of connection, and sometimes simpler 
forms of rail, are adopted. 

The rail used in tne edge-rail system is a flat iron bar, from 1} in. by } in. to 2| in. by f in. in 
section, according to the weight of the traffic, and upon the edge of this rail the wheels of the tubs 
run. The rail is flxed to the sleepers by a wedge. 

A common form of rail laid in the main ways is the ordinary double-headed rail. This form 
satisfles the requirements of underground lines, since it is of light weight, is laid upon transverse 
sleepers, and may be easily flxed in position. When the line is to be permanent, it is laid 
with cast-iron chairs in the manner adopted upon ordinarv railways ; but in less important ways, 
the rails may be spiked down to the sleepers. Bridge rails possess the advantage of being the 
lightest form obtamable. but require longitudinal sleepers, which in a mine are objectionable. 
Bridge rails have been laid upon transverse sleepers, but their section is unsuitable for that kind of 
support. The Vignoles rail has been adopted on underground lines with satisfactory results. 
When tiie floor is weak, short rails should be used for the purpose of reducing the length of line 
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necessary to be polled np and relaid. In placed where the floor is very sdft, it will be well to 
distribute the pressure by placing longitudinal timbers beneath the cross sleepers. The weight of 
the rails used of any given section will vary with the capacity of tubs, and also with the distance 
of the sleepers apart. Generally this distance will be about 2 ft, or 2 ft 3 in. ; if spaced more or 
less widely than this, the weight of the rail for a given load must be increased or diminished in a 
proportionate degree. On the principal engine planes, the weight of the rails will vary generally 
oetween 18 lb. and 24 lb. to the yard ; on &e secondary roads, a considerably less weight will tid 
found to be sufficient. 

In the construction of undergound railways, the joints which claim special attention are the 
junctions of the various lines with each other. These junctions are far more numerous than on sur^ 
face railways, and take place at sharper angles. When one line enters another at a small angle, 
the mode of effecting the junction is similar to that adopted on surface lines, slight differences of 
detail only being made in favour of simplicity. 

The roads of a mine frequently intersect each other at a great angle ; and when the junction 
has to be effected under such conditions, other means have to be adopt^, consisting generally of a 
fixed table, upon which tlie tubs are turned, by being lifted at one end and carried, or by being 
dragged rouna. The table or platform is constructed of stout planking, carefully laid, and covered 
witti iron plates, to diminish the friction, and to lessen the wear and tear. The chief points 
req[uiring attention are to lay the floor evenly, and to g^ve the structure sufficient stability to 
resist the somewhat violent strains thrown upon it. The ends of the rails are brought upon the 
flooring, and made to curve outwards ; and between these curved portions ribs or raised glides, 
ctured in the contrary direction, and brought together in a point, are placed ; the object of this 
arrangement is to facilitate the entrance of the tubs. A road upon which the traffic is effected by 
the full tubs causing the movement of the empty ones is called a self-acting plane. An inclination 
of 1 in 36 is the limit, below which the plane ceases to be self-acting, and to attain so low an 
inclination as this the road and the tubs, as well as the apparatus employed therewith, must be 
maintained in a perfect condition. Practically it may be considered that 1 in 30, or a little more 
than 1 in. in a yard, is the least inclination that will render a plane self-acting. As the inclination 
becomes greater than this, a brake will be required to absorb the excess of force acting in the 
descending load. 

In plan, a self-acting plane differs but little from the ordinary roads; it requires, however, tu 
be somewhat more strongly constructed. Generally a double line is laid throughout the length of 
the plane, and each line receives alternatel v the loaded tub, but a single line of rails can be worked 
on tnis system with a pass by. The loaded tub in its descent forces the points back, and the empty 
tub thus finds the way prepared for the ascent. This mode of laying out the line allows the 
breadth of the road to be reduced. 

The only mechanism required to work a self-acting plane consists of a reel, sheave, or drum, 
around which a rope or chain is passed, and upon which is set a brake to control its motion. The 
apparatus may be made to revolve about either a vertical or a horizontal axis, the latter arrange- 
ment being more common. In the former case, only one rope is used, which is passed round the 
sheave, one end being attached to a tub at the bottom of the plane, and the other end to a tub at 
the top of the plane. In the latter case, either two ropes coiling in contrary directions may be 
used, or a single rope sufficiently long to be passed several times round the reel. In some instances 
an endless rope has been employed, which is made to pass over a pulley at the bottom of the incline, 
and kept in a state of sufficient tension by means of a counterweight connected to the pulley with 
the endless rope, which requires the tubs to succeed each other with great regularity ; the full tubs 
descend on one line of rails, and the empty ones ascend on the other. Whatever the arrangement 
adopted may be, a powerful brake must always be provided. This brake may consist of a segment 
of wood fixed to a lever, and arranged to be readily brought into contact with the periphery of the 
sheave. To obtain greater power, compound levers are employed, and the same object may be 
attained by means of an iron band enclosing the whole of the periphery, and worked by a system 
of jointed levera 

In order that the brake may be capable of controlling the motion of the load, as well as that of 
the sheave or reel, it is necessaxy to arrange the rope in such a way that it cannot slip. With the 
horizontal reel this may easily oe effected by passing the rope a few times round it. But with a 
sheave turning about an axis that is perpendicular to the plane this expedient cannot be so readily 
adopted. One turn round a sheave having the ordinary kind of groove would be insufficient to 
prevent slipping. In such a case the groove is made conical, so as to grip tlie rope, or a clip 
pulley is used. Another method consists in passing the rope several times round the sheave, 
and providing an arrangement by which the friction of the several turns of the rope agaimit 
each other is avoided. The arrangement is merely the addition of one or more parallel grooves to 
the sheave, which is then put in relation with another sheave of any diameter provided with one 
groove lees. The rope is wound and unwound upon this sheave regularly, as upon one of the 
ordinary kind. 

The friction of the rope upon a self-acting plane is considerable ; and this friction not only 
absorbs the motive power, but causes a rapid wear of the rope. This is reduced by means of 
friction rollers, placed at short intervals apart throughout the plane, to prevent the sag of the 
rope from causing contact with the ground. These friction rollers should be of a considerable 
diameter relatively to their gudgeons, which should be kept well greased. The details of the method 
of working a self-acting plane vary somewhat, according to the inclination of the plane, the number 
of the points at which it receives the tubs, and the number of tuba let down at one time. When the 
inclination is moderate, and the tubs are despatched from the top of the plane, each man, as he 
arrives with his loaded tub, immediately attaches it to the rope and runs it on to the rails of the 
plane. The brakesman does not allow it to descend until he nas received a signal from the bottom, 
informing him that an empty tub has been attached to the other end of the rope, when ho releases 
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the brake and the load deflcenda» bringine u|) the empty tab. ContinnOTiB systems ef working by 
endless ropes have preyionalv been described in this Didionary, under the head of Haulage. 

When the ooal has been brought to the bottom of the shaft, it has to be lifted or wound up to 
bank ; and to effect this the tubs are placed upon a platform termed a cage. The Tarious forms and 
arrangements have been fully described at p. 266 ox this Supplement. 

The introduction of cages moving between guides, combined with the adoption of steam^ engines 
of great power, have rendered it possible to attain a high speed in the shaft, and to raise large 
quantities of «oal in a given time. As the entire output of a colliery will be limited by the means 
available for raising the produce through the shaft, it is desirable to provide for future contin- 
gencies. 

It was formerly the custom to tip the ooal as it arrived at the shaft into tubs or buckets, in which 
it was raised to bank. These being allowed to swing loose in the shaft, rendered it impossible to 
wind at a high speed ; and it was necessary to adopt some arrangement to prevent the ascending 
ycssel from coming into contact with the descending one, when two were used in the same shaft. 
This system of winding was very slow and insecure, and bv the vessel striking against the sides of 
the shaft, both it and the rope were speedily destroyed. The system is still in use in Belgium, and 
partially in Staffordshire, where the ooal is raised upon skips. The necessity for a better system of 
winding led to the adoption of cages moving between guides. These cages aro of iron, made to con- 
tain one or two or more tubs. The tub is run on to the floor of the cage at the bottom of the shaft, 
and off again when the cage has arrived at surface, so that the tiansfer of the load from one recep- 
tacle to another is obviated. The cages are made to run between guides, that they may be raised 
and lowered at a high speed with sarety. In some pits the load is raised with a velocity of 20 ft. a 
second. In Staffordshire, instead of using cages, the corves are suspended directly from the rope, 
and raised in that manner in the shaft. The corves differ in their ooustmction from tubs, and are a 
platform carried upon wheels with two or three large iron hoops. To load these skips, as they are 
called, a quantity of coal is stacked upon the platform, and the largest hoop is then placed over it to 
keep it in position. A second quantity is then stacked up, and a second hoop of a somewhat smaller 
diameter placed over it. These operations are repeated with hoops of smaller size, until the pyramid 
of ooal has attained the limit of height allowed. The mass is further held together by the four 
chains by which the skip is suspended from the drawing chain. The load is then drawn by a horse 
to the bottom of the shaft, where it is attached to the cUawing chain. On arriving at surface, it is 
drawn from over the shaft upon the landing, or on to a sliding platform run over the shaft mouth, 
upon which platform the load is then lowered. The loaded skip having been run off, and its place 
supplied by an empty one, the latter is raised sufficiently to allow the platform to be withdrawn 
and then lowered into the shaft. The head-gear of a shnft has been described. It consists of 
a pulley finune, constructed either of wood or of wrought iron, carrying a pulley, or more fre- 

Suently two pulleys, over which the rope suspended in the shaft is passied, and led thence to the 
rum of the winding engine. These pulleys are provided with a round or a flat groove, according 
to the form of the rope used, and are made of a large diameter in order to avoid giving a quicK 
bend to the rope. 

The essential parts of a pit-head frame are the legs or uprights, upon which the pulleys rest, 
and the spurs or inclined supports which are set on the side of the legs next the engine. AU other 
parts of the frame are auxiliary. The uprights are intended to resist the vertical strains, and the 
spurs the oblique strains. 

The wood UHcd in the construction of pit>head frames is usually pitch or Memel pine. It is 
essential to stability that all the chief parts of the structure should be set upon the same wooden 
framing. This wooden framing consists of sills strongly jointed and bound together, upon which 
the legs and spurs are set by means of cast-iron sockete DoIted dovm to the sill. The double tenon 
loint is generally the most suitable in such structures, and it may be rendered secure by an iron 
bolt passing through each tenon. After the joints have been properly fitted, they should be well 
covered wiSi red lead. The legs of ^e frame are slightly inclined to each other towards their 
summits, and are braced together. The spurs are also in some instances braced to the legs, or made 
to butt against the engine house. In order to obtain the greatest height possible, with timber of a 
given length, the cap or framing carrying the pulley is placed above the uprights and back- 
stays. As it is necessary that r^y access should be had to the pulley, it is usual to provide one 
of the back-stays with steps. Iron !pit-head frames are also much used, and have been already 
referred to at the commencement of this article. 

The pulleys used on pit-head frames are of iron, and vary in diameter from 10 to 20 ft. 
When wire ropes are used, the pulley must be of a large diameter, to avoid straining the metal by 
too sharp a bend. Formerly pit-head pulleys were constructed wholly of cast iron, and this material 
is still used in the South Staffordshire district, where heavy drawing chains are employed with 
pulleys of small diameter. But generally this system has been abandoned for the compound system, 
m which the central boss and the rim are of cast iron, and the arms of wrought iron. The rim of 
the pulley is grooved to receive the rope, and the bottom of the groove is made either otroular or 
flat, according as round or flat ropes are to be used. 

Hemp was formerly the only material employed in the manufacture of ropes ; later, aloe fibre 
was adopted, and these two materials are still commonly used. The strength of ropes made of aloe 
fibre is slightly greater than that of hempen ropes, and their durability is superior, but they are 
specifically heavier. Iron wire has been adopted as a material for ropes, several wires of the 
toughest iron being twisted together in the same manner as the strands of the hemp ropes, but 
the degree of the twist is less in the former tiian in the latter. Theoretically, a wire rope will 
best resist the strains brought to bear upon it, when all the wires of which it is composed are 
parallel to one another; but practically, by reason of the flexibility and extensibility required, the 
strength of a wire drawing rope is found to be greatest when the strands are arranged spirally as 
in the hempen rope. In the wire rope, the weight of each unit of length is, for a given strength. 
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considembly leM than in the hempen and aloe-fibre repee, and the diameter is aleo rednoed in a like 
degree. The flexibility however is less, and for that reason, pulleys of a larger diameter have to be 
employed. The transition from iron to steel was easy, and the most recent ropes are of this 
matenaL The greater tensile strength of steel allows the diameter of the rope to be still farther 
rednoed, so that the weight a unit of length has again been lessened. 

In flat ropes it is supposed that the several wires of the rope are mora evenly strained than 
when arranged spirally. This result may be regarded as more than donbtfuL If we fiM» of the 
pulley is not perfeeUy flat, the rope must be in^pilarly strained. To prevent this, each strand is 
made as nearly as may be identical, and they are used in even numbers. The direction of the twist 
is contrary in each pair, to counteract the tendency of the twist to oome out under the action of the 
load. In winding, the flat rope is made to lap over itself upon the drum, so that the diameter of 
the latter is practically increasing or decreasing during the operation of windinf^. An advantage of 
this overlap of the rope is that the latter is kept constantly in the same vertical plane. The flat 
rope has not been regarded favourably by mining engineers. 

The subject of tlie strength of ropes has been dealt with in this Dictionary under the proper 
heading, and that of strength of materials. Winding engines also will be found treated in this 
Supplement under the separate heading. 

Bound rope is wound upon the drum in parallel coils, and in some instances it is made to rise 
and return upon itself on cytindrical drums (br the purpose of diminishing the length of the latter; 
this arrangement is un&vourable to the durability of the rope. When the drums are conical, over^ 
lap is impossible, and the necessity for it does not exist. A flat rope is always wound upon itself^ 
so that its coils are all in the same vertical plane. 

When both portions of a round rope are wound upon the same drum, the length will be that 
required by a single rope, since one portion is being unwound while the other is being coiled upon 
the drum, so that the sum of the lengths coiled at any g^ven moment is equal to the length of one 
portion of the rope. In such a case, one portion of the rope is wound over the drum, and the other 
portion under the drum. As both portions are wound over the pplley, one is tiius wound in 
contrary directions, a circumstance unfavourable to its durability. The evil is remedied by the use 
of two drums revolving in contmry directions, an arrangement which aUovre both portions of the 
rope to be neased over the drum. Usually a notch or a groove is provided on the drum to receive 
the end of tne rope, which is held in by wedging. To avoid bringing the strain of the load upon 
this fastened end of the rope, the length is always regulated to leave two or three coils upon the 
drum when the cage is at the bottom of the shaft. 

In arranging the length of the rope, the two portions are so proportioned that when one cage is 
resting at the bottom of the shaft, the other is resting upon the keeps at the top. A slight excess 
of length is given in order that the operation of raising the top ca^e a little above, and the lowering 
it upon the keeps may not affect tne bottom cage. In detenmning the length for a new rope, a 
little allowance should be made for stretching. It may happen that in consequence of the working 
being directed to a higher seam, or from some other cause, the rope is found to be too long ; or in 
consequence of a defect having to be cut away, it may become too short. In such cases, as in that 
of putting up a new rope, it becomes necessary to proportion the lengths as required, that is, a 
number of coils will have to be taken up or let out from the drums. One method of doing this is 
the following : the end of one rope is let down to the level of the pit mouth and the excess of the 
other is measured in the shaft ; the former is then taken off the puUev and wholly wound upon the 
drum, and the end attached to it, after which the drum is turned until a sufficient length of 
the latter has been removed to equal the excess of length in the shaft The first having then been 
replaced upon the pulley, the two ends will arrive simultaneous at the points required. If one of 
the two ropes requires to be lengthened, these operations will, of course, have to be reversed. By 
jeason, however, of the great weight of the rope, its removal from the pulley offers considerable 
difficulties; to escape these difficulties, where two drums are used, another method has been 
adopted, which consists in providing an arrangement by means of which one of the drums may be 
maae loose. With this arrangement, the relative lengths of the ropes may be readily adjusted. 

The position of the drums is a matter of importance. Belatively to the engine, ther may be 
placed with their axes in the horizontal plane passing through the piston rod, or they may be placed 
above the cylinders with their axes in the vertical plane passing through the piston it)d. Belatively 
to the pulleys, the level of the drums should be so adjusted that the inclined portion of the rope 
shall not make a very acute angle with the vertical portion ; hence the higher the pulleys, the 
greater should be the interval between the drums and the pit mouth. Too great a distance is, how- 
ever, objectionable, by reason of the sagging and swaying of the rope. The best arrangement, 
where it can be adopted without difficulty, consists in erecting the drums at a higher level than the 
pit mouth. This is one of the advantages obtained by placing the drums over the steam cylinders. 
An essential condition to be observed is to place the drum and its corresponding pulley in the 
same vertical plane, and strictly perpendicular to their axes of rotation. A slight irregularity in 
this respect, by forcing the rope to deviate from one side to the other, gives rise to considerable 
lateral mction, which tends to rapidly destroy the rope. 

The means of regulating the loaa comprise the counterweight and the conical drum. The 
regulating effect of the conical drum is more or less fully obtained, when a flat rope is used, by 
coiling the rope upon itself, to which the virtual diameter of the drum is made to vary. 

The counterweight usually consists of a number of heavy iron links, suspended in a pit or well 
tnm 80 to 50 yards deep. To these links is attached a rope, which is fixed to the drum sti'ift The 
length of the balance chain is equal to the depth of the pit in which it hangs, and it is connected to 
the drum shaft in such a manner, relatively to its length, that when the drawing ropes are at the 
starting point, that is, when one cage is at surface and the other at the bottom of the shaft, 
its whole length is hanging in tiie pit. The rope by which it is wound up ia also arranged so that 
the whole of the balance ctutin may rest upon the bottom of the pit when the aseenduig and the 
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descending cages arriTe At tbe anme point in the shafl. This rope is made to pass orer the dram 
shaft in a direction contrary to that of the drawing zope which it is intended to oonnterbalanoe. At 
the moment of starting the engine, the whole of the links are suspended, and these, hj their great 
weight, hold tiie drawing rope in equilibrinm. As the latter ascends and is diminished in weight* 
both by reason of the rednetion going on in its own length, and of the increase taking place, at the 
same time, in that of the descending rope, the links are being deposited at the bottom of the pit, 
and the whole of the links will be resting upon the bottom when the cages meet in the shaft, at 
whic^ moment, the ascending and descending ropes balance each other. From the time when the 
cages pass each other, the weight of the descending rope preponderates, and this preponderance 
goes on increasing until the bottom of the shaft is reached. But when the descending cage passes 
the ascending one, the counterbalance chain is again being wound up, this time in the contrary 
direction, and as it is raised link by link, its weight counteracts the preponderating weight of the 
descending rope. This system of counterbalanemg, if it does not give perfect nniformity, solves 
the problem cl regulating the load with snIBcient completeness for practical purposes. The weight 
of the balance links must, of course^ be proportioned to that of the rope, account being taken in the 
caloidation of the diamet^ of the pulley or drum upon which it is wound. This diameter is related 
to the depth of the pit or well in which the chain hangsi The pit is ^eially situate on the side 
of the dram farthest from the shaft. Sometimes, instead of tne cham, a heayil^ loaded tub, or 
truck, is used as a counterweight. In this case, the tub is made to run upon inclined rails. The 
inclination of the road is made to vary so as to be sharp near the upper end and flat at the lower 
end, for the purpose of obtaining a constantly increasing or diminishing resistance. During the 
time of drawing a load, the tub rans twice over the zoad, first descending and then ascending. 
Thus the force of traction exerted by the tub upon the rope to which it is attached is greatest at 
the moment of starting, nil at the end of its course when the cages are at the same point in the 
shaft, and greatest again when the cages have reached the landing place. By carefully determin- 
ing Uie curve required, the counterbalancing of the rope may be, in this way, veir completely 
accomplished, ana often more easily, and at a less cost than bv means of the chain. To determine 
with rigorous accuracy the eunrature of the line upon which the tub is to run, would require 
the application c^ the higher mathematics. But in practice, rigorous accuracy is not needed, and 
even if arrived at by calculation, it could not be obtained upon the ground. 

The other means of regulating the load by means of a conical drum is not so good an arrange- 
ment as the oonnterweight ; but it possesses the advantage of less complication. In practice, 
a common size of conical dram is 16 ft at the smaller end and 20 ft. at the other. Large conical 
drums are sometimes provided with a ^iral channel for the reception of the rope, the object being 
to prevent the rope from slipping. 

In considering the ventilation of a coal mine, it must be remembered that the efficient ventilation 
of any space to he occupied by human beings consists in the reg^ular supply of so much fresh air 
that the impurities occasioned by the several sources may never exist in proportions injurious to 
health. The subject might be considered in detail under the following divisions ; Fresh air, its 
composition and properties ; the impurities generated in mines, and their probable amount ; the 
proportion in which these impurities may be allowed to exist in anv space occupied by human 
oeings ; the quantity of fresh air that must be supplied to mines, and the best method of intro- 
ducing it artmciaUy, when natural or unaided ventilation cannot be relied upon. 

Pue air consists, approximately, of 23 per cent of oxygen and 77 per cent, nitrogen, weight for 
weight, or 21 per cent of oxygen and 79 per cent, of nitrogen, comparative volumes. In addition, 
the air always contains carbonic acid ; the quantity is very small, for Angus Smith states that on 
the hills of Scotland the proportion was found to be 3*3 in 10,000 parts; in the open parts of 
London 3 in 10,000, and in London streets 3*8 in 10,000. Fresh air may be practically considered 
to contain 3} parts of carbonic acid in 10,000 parts, and to be at an average temperature of 60° F., at 
which temperature the weight of a cubic foot of air is 0*0765 lb. The specific gravity of air 
being 1, that of oxygen is 1 * 1, nitrogen ' 97, carbonic acid 1 * 52. Carbonic add consists of 6 parts by 
wei^t of carbon and 16 parts by weight of oxygen ; the volume is the same as that of oxygen ; this 
gas is therefore ^ heavier than oxygen. In mines it appears in much larger proportions as choke- 
damp. In strata containing large quantities of hydrc^n proto-carbide, as fire-damp, this finds its 
way into the atmoq>here. Although the only impurity in air is not carbonic acio, Angus Smith 
considers that, as a rale, the most convenient chemical test is for the presence and quantity of this 
gas, and that, if enough fresh air be introduced to keep the proportion of carbonic add at a certain 
point, it will be sufficient to render the ventilation effective. The following table gives comparison 
of the proportions of carbonio acid generally present in the atmosphere ; — 

Fftrts by Volarae of 

Carbonic Add in 

10,000 parts of Air. 

Mines, largest amount 273*0 

„ average of 339 trials 78*5 

Worst parts of theatres 821*0 

Close buildings, average 16*0 

Streets of Manchester during fog 6*8 

KaSBe has tabulated the results of daily observation, taken in the Gerhard Prinz Wilhelm mine, 
near Saarbruck, extending over a period of twelve months. The observations were made imme- 
diately in front of a series of stoppings which closed off some workings. The gas was registered as 
weak, if merely suffident to catch fire in a lamp held up in the cutting, in the roof at the nice of the 
stopping ; very strong, if it was hanging under the bars of the timbering in the heading leading up 
to the stoppings, and entirely filling up the cutting. During the year, gas was found on twenty-six, 
and in the aggregate on one hundred and fifty-one days ; four times the gas remained for one day 
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only ; on the other twenty-two occasioiiB it lasted for Beveral days, and in one instance for a whole 
month. The gas was registered as weak sixteen times, and very strong only tbrioe, the remaining 
legistrations being marked average. Comparing the mean yearly pressure with the barometer read- 
ings on the first days of the twenty-six periods, the average pressure during the existence of gas, 
and the lowest readings during each period, it is shown, respectively ; — That on nine of the niet 
days the barometer stood above, and on seventeen days below, the mean yearly pressure. That 
the average pressure during the separate periods was seven times hi^^her, and nineteen times 
lower, than the mean yearly pressure. That even the lowest readings during these periods were 
twice, 0*12 in. and 0*14 in., higher than the main yearly pressure. It is thus evident that none of 
the methods of comparison account satisfiMJtorily for the effluence of gas in coal mines, although the 
observations clearly demonstrate that a dinunution in pressure favours it ; in fact, in every case, 
gas only appeared with a fiedling barometer, and any important continued diminution added to the 
quantity. On one occasion there was an effluence of gas for two days, when a fall of only 0* 11 in. 
was registered, but in all other cases there had been eitber immediately before, or commencing simultaF- 
neously, a fall of more than one-fiflh of an inoh ; moreover, with few exceptions, every fall of the mer- 
cury to such extent was coincident with the appearance of gas. These exceptions were within a very 
short period, and it is suggested that they may have been due to some meteorological influence at 
that season. The conclusion may therefore lie drawn, that wherever there is a continuous dindnu- 
tion of pressure to a certain extent, gas may be expected ; and, as there is a greater margin for such 
decrease the higher the mercury stands, it is evident that, practically, a lugh barometer is more 
dangerous than a low one. 

It resulte from a further analysis of these observations, that the gas disappeared, on fifteen occa- 
sions out of twenty-two, only when the pressure on the last day was higher than on the first ; and 
that, of the seven exceptions, those whicn showed the greatest difference in relative pressures, * 14 in., 
0*26 in., and 0*30 in., were after exceptional periods of duration of fourteen, ten, and thirty-one 
days respectively. In these cases it was probable that the extra diffusion of gas caused by the long- 
continn^ low pressure had weakened the volume of gas behind the stoppings. 

The actual power required to effect the movement of the air at an efficient speed, so as to reduce 
by artificial ventilation me carbonic acid to a certain proportion, needs consideration, as well as the 
best means of applying that power. The friction of air varies as the square of the velocity multiplied 
by the pressure against the sides of the passage. This pressure being uniform, ite total amoont 
depends upon the total surface, that is, the lengtii multiplied by the perimeter, of the cross section. 
The force required to propel air through anv passage is therefore equal to the square of the velocity 
into the totfd surface, multiplied by the coefficient«of friction. It \b more convenient to state the force 
in pounds a square inch or foot, or as bo many inches of water pressure ; the preceding result should 
therefore be divided by the area of the cross section. According to G, J. Morrison, the best formula 
for practical purposes of ventilation appears to be ;— 

where H is the pressnre in feet of air of same density as the flowing air ; L, the length of pipe or 
passage in feet ; P, perimeter of cross section in feet ; A, area of pipe or passage in square feet ; 
v. velocity in thousands of feet a minute ; E, coefficient of friction = O'OS. This formula has the 
advantage of being perfectly general, and may be used for any fluid ; H will always be the head 
stated in feet of the flowing fluid. The pressure of 1 ft. of air at &P F. is 0*0765 lb. a square 
foot. The pressure of 1 in. of water is 5*2 lb. a square foot. Therefore, if it be desired to reduce 
any result in feet of air to its equivalent in inches of water, the process is simply to divide by 

,..Q = 68. For circular passages, taking D for the diameter, the formula becomes 

These formuls are applicable only to passages whose diameter is small in proportion to their 
length. For short passages the length should be increased by about fifty diameters of the passage. 
The formula for circular passages then becomes 

and that for irregular sh^ied passages 

g^^^.^PL + 200A 

The value 0*03 is reduced from a formula given by Hawksley for the ventilation of coal mines. 
Atkinson adopts the same formula, but gives a constant 0*26881, or nearly ten times that of most 
authorities. Atkinson also ^ves a table of coefficients depending on the material of which the 
passage is composed, from which the following are selected as related to this subject more directly ; — 

MateriaL C^fflclent. 

Galleries of coal mines 0*254 

Sheet iron, clean 0*067 to 0*105 

Cast iron, old and tarred 0*048 

Sheet iron, rusty 0*027 

Tinned iron 0*025 
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H&wkiley oonfiiden that theae discr^iancies aroee from badly oondaoted ezperimentB, bnt other 
anthorities assign Tarioiu reasons for the differences, and ezperimento on the lime Street tunnel 
appear to confirai ^e constant 0*03 as correct. 

The simplest plan of ventilating nndergronnd passages, which at one time was the only system 
adopted, and is still nsed in many collieries, is by the furnace. It is, however, only in the case of very 
great depths that this system can compete for economy with mechanical methods, and even then there 
are several disadvantages. The useml effect rarely exceeds 5 per cent of the aetui^ energy given 
out bv the coals. 

Although the subject will be found to be described in detail under its proper heading, it will 
be advisable to briefly review the principal constructions of mechanical ventilators. One of the first 
was introduced by Btruv^, of Swansea. It consists of a piston, somewhat resembling a gasometer, 
working in a brick chamber, in an annular space filled with water. The air is admitted by and 
expelled through flap valves. It is well suitea for extracting large quantities of air from collieries 
at pressures of 5 or 6 in. of water ; but the iBOjge amount of clearance renders it unsuitable where the 
pressure is sufficient to cause a practical difference in the density of the air. The effective duty 
18 stated to vary ft-om 40 per cent of the gross boiler power. There is a pair of ventilators of 
this description at Gwm Avon, South Wales, with pistons 18 ft. diameter and 7 ft. stroke, working 
8 strokes a minute. This machine exhausts from 40,000 to 56,000 cub. ft of air a minute, with 
a water gauge of 3 in. A slightly smaller ventilator at Bisca Colliery exhausts 43,800 cub. ft a 
minute, with a water gauge of 2 '3 m. 

Exhausters on a somewhat similar principle have been erected at the St Gothard Tunnel works. 
These are cylinders hung one at each end of a rocking beam, which alternately dip into annular 
tanks of water. The qpace to be ventilated is connected with these air-cylinders by pipes with inlet 
valves, and the tops of the air«ylindeiB are furnished with outlet valves. Each tmie the cylinder 
rises it flUs with air from ihe pit or tunnel, which in falling it expels through the valves on me top. 
These exhausters are therefore single-action pumps, while Stmv^s are double-action. They are 
intended to work with a water gauge of 6 in., and their general design renders them suitable for 
much higher water gauges than Struv^a 

Lemielle's ventilator consists of a vertical drum, with movable leaves or vanes, placed eccentrically 
in a casing, so that the leaves lie close against the drum on one side of the casing, but expand as 
they pass tiie other, and thus sweep out a certain amount of air at each revolution. There is a 
ventilator of this description at Page Bank Colliery, Durham, 23 ft in diameter and 32 ft high. 
It usually works up to about 60,000 cub. ft a minute, with a 2*6-in. water gauge, but occasionsdly 
to 97,000 cubic ft a minute, with a 6*6-in. water gauge. The useful effect is 36 per cent of the 
gross boiler power. 

In some collieries the steam jet has been tried with success, as at Lower Moor Colliery. Oldham. 
The apparatus consists of seventy-two vertical pipes 5 ft long and 7 in. in diameter, flttea to an iron 
frame on the top of the upcast shaft ; into eacn is inserted a steam pipe having a nozzle ^ in. in 
diameter, supplied with steam at 38 lb. pressure. This rough apparatus exhausts 16,000 cub. ft. 
a minute. Belative to this subject in the working of pneumatic tubes between telegraphic offices 
in London, the steam jet has been tested against a first-rate steam engine ; at 40 lb. pressure the 
engine does most work, but at 70 lb. pressure, the steam jet is superior. The nozzle, in tnis instance, 
is carefully constructed, and the vacuum produced is equal to 23 in. of mercury ; but there does not 
appear to be any instance where, with a watergau^e of a few inches, such gcxxl results have been 
obtained by a steam jet as by other means. The jet is not probably suited for exhausting large 
quantities of air at low pressures. 

The best means of ventilation seems to be the fan. It is used in collieries and mines throughout 
the world, and is the only machine that has ever been applied to tunnel ventilation, which has great 
resemblance to mine ventilation. 

The £Bin erected at Lime Street Tunnel is 29 ft 4 in. in diameter, 7 ft 6 in. wide, and runs at 
forty-five revolutions a minute ; it is by no means of the most approved construction, but the circum- 
stances of the case are peculiar ; at times the tunnel ventilates itself through the fan, which is con- 
structed to allow of tms, the heat of the boiler fires assisting the natural ventilation. When the 
fan is at work the vacuum in the tunnel near the bottom of the shaft is only equal to 0' 14 in. of 
water, bnt near the fian it is equal to 0'54 in. When the air leaves the fan, the pressure is equi- 
valent to 0' 19 in. of water above atmospheric pressure, this being the pressure required to drive the 
air through the chimney into the open air. The fan, therefore, seems to exhauBt 431,000 cub. ft a 
minute against a pressure of * 54 + ' 19 = * 73 in. of water, which represents 50 horse-power. The 
actual indicated horse-power of the engine is 134. When running at forty-four revolutions, but 
doing no work, the indicated horse-power expended in the friction of the engine and machinery is 
34. The effective duty of the fan is therefore only 37 per cent of the gross power, or 50 per cent 
of the net power. The effective duty of many other fans is, however, much higher. 

The pneumatic despatch tube at the General Post Office is worked by a fon in Holbom, 3080 
yards from Euston. This fan is 32 ft in diameter, and is driven at the rate of 160 revolutions a 
minute. The tube is tunnel shaped, 4 ft. wide and 4 ft 6 in. high. The usual speed of the 
carriage is about 15 miles an hour. As the tube has an area of 16 '3 sq. ft., the discharge is 20,000 
cub. ft of air a minute. The fan is arranged to work either for exhausting or compressing the air. 
At this speed the water gauge is about 10 m., and shows a useful power of 32 horses. 

The Metropolitan Bailway Company have lately made use of this tube for the purpose of 
ventilating their tunnel. The tube crosses the tunnel between Gower Street and Portland Bead ; 
and vsdves have have been arranged so that on each journey of the carriage from Euston to 
Holbom, as soon as the carriage passes the Metropolitan tunnel, the valves open, and the air is 
drawn &om the Metropolitan Bailway instead of Euston. But the tube can only be used when the 
&n is exhausting, and when the carriage is between the Metropolitan Bailway and Holbom; that 
is, about once an hour for five or six minutee. 



lU OOAI. HININa. 

NnmerDiu turn hare been Introdnoed. One called the Qnibal fan aeenu to glre laUihotion. 
The eflectiTe duty of iome of them has been staled to be 88 per cent, of the actn^ power pat inlo 
the fon shafl ; but geDoraUy it ii not bo bi^h. In these ftrna the caiing; is oonceutric with the ttta, 
and quite close to it, with onlv oue opening, the aiia of which ii regnlaled by a shutter. The 
obimne; is funael-ebaped, to allow the Telocity of air to be rednoed before ealering the atmotphen. 
The bot' that so mticti of the circumference of the fan is oielees for discharge would lend to Uia 
snt^wdtioa that the quantity of air mutt be less than that discharged from other fana of equal siia 
It seems, howeTer, that the nsefat effect of these ^* is high, and that for an? given diacharg^ and 
water gauge the Goibal fan will work with less cool than taotiy others, and witli aa little as any. 

Fig. 9 1 8 is of an improved form of Ooibal's fan mode by Oliver and Co., of Cheeterflold, wmch 
ia T^ effectiTe. 



There is a tan of this description working at Thinliogton Colliery. It is 36 ft. io diameter and 
IE ft. wide, and at 80 revolutions it will discharge 80,000 oub. ft. a minnte, nnder a water gauge of 
6-2 in. A somewhat snialler fan. at Oethin Colliery, discharges 153,600 oub. ft. a minute, nodor a 
water gauge of 2*6 in. It is staled I7 Wilkinson tluit be obtiUned 63,000 cub. ft. of air a minute 
from a Quibal &n, with a similar aioonnt of steam required ibr 40,000 cub. ft. a minute with 
StraTe''s ventilator. 

On their first introduction ftini were snppoaed to be applicable only to low watet^agee ; bnt it 
has been found that tboy will work economioally up to high ganges for ventilutiDg purpoaea. 
There are some at Grand Bnaaon, n<ttr Uoiu, in Belginm, SO ft diameter, working at 100 revoln- 
tiona a minute with 7 in. water gange. 

Fana are snitable for the preesore required inall practical cases; and as they ore better adapted 
for passing largo quantities of air than any other ventilating apparatns they should be employed 
in aJI oases of artificial ventilation. The beat fana appear to utilize mora than TO per cent of the 
actual power appliud to the fanihoft, or 15 or 20 per ount. low than tke indicated power of the engine. 

There remains to be considered how the ventilati eg current is conducted through theworldngBof 
a mine. In its distribution the air-cnirent should have origin near Che bottom of the downcast 
^It. The workings of a miae ate laid cat in districts aepwaled by bajriers, the separation being 
made chiefly for the purpoaea of ventilatioQ, each district having Its own current, conveyed to it 
directly from the downcast shaft. SpLtting the air, as the openitiou of breaking up the air into 
several currents deeoending the downcast shaft, is termed technioally, enables each disb'ict to be thus 
separately Teatilated. The Tolnme of each current, or split, is of course determined by the sise of 
the working for which it is intended, and by whether the working dipa or rises, more air being 
required, as a rule, to ventilate a rise than a dip, for the reason that accnmulatiou of gas is more likely 
to oocnr in a rise working. This accumulation may be due to a reduction of pressure, as well as to 
the lower specdflc weight of the gas. The Tontilating currents seek the easiest way tzom the down- 
cast to the upcast abaft, and this may be either the ahorteat or that having the largest sectional 
area. As the eaaicat way may not be that where tnoat air is required, means have to be provided 
for directing the air in the desired volume into the proper channel, by contracting the air-way 
in tboae workings requiring less amount of air. The contmotioa ia usually effected by doont 
termed regulators, plaood in the air-way. A wooden flrame is built in the air-way, and one-half of 
the way boanled up ; the remaining half of the way is blacked by a eliding door, which atn be 
adjusted to give the proper opening, delorminod by experiment. The door is then secured in this 
pceitionby a lock or otherwiw. With a given sectloiutl am the qoantitj of air petang in a unit 
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of tiiiie is dependent upon the Telocity ; by reaaon of the rapid inoraaae of friction with Inoteaae 
of TelociW, low TolooitiM are more economical than high, altnongh it haa been found that a lower 
▼elooity than 2 ft. a second is insuflScient to remove the gases, whilst a higher velocity than 3 ft. 
will force the gas thronffh the gauze of a Davy lamp. The velocity most suited to ordinary 
conditions is 3 n. a second. 

In narrow work, one of the objects in driving two levels simultaneously is to obtain a good 
ventilation of the working places. The air fiom the downcast shaft will niake its way up to the 
heading in sufficient quantities to keep the atmosphere 'at the face cool and pure to a certain 
distance from the entnmoe. This distance will depend upon the strength of tiie ventilating current 
and the vitiation. GenenUly the distance allowed wiU oe from 30 to 40 yards. Supposing then 
each level to have been driven as far as the ventilating conditions will allow, an air passage will be 
out through one to the other at that point This passage is in many localities called a thirl, and 
the operation of driving it, thirling. When the first thirling has been completed, the direct 
connection between the ahafta is stopped by building a wall of brick or stone in tne drift connecting 
them. All stoppings which are situate by the side of the main ways should be well and strongly 
biult, and further strengthened by a stowing or backing of 5 or 6 yds. of rubbish behind them. 

As the air-way directly connecting the two shafts is stopped, the whole of the ventilating current 
descending the downcast will peas up the heading through the thirl, uid down the heading to the 
upcast ahaft. By theae meana the working fiicoa of both headinga will be ventilated by the full 
current The air foUowa thia oourae during the aubaequent operationa of driving, which are 
continued until the influence of the current haa again become inanfflcient, say through another 40 yds. 
A second thirling is then made, and a stopping put into the firat. The paasage through the first 
being cloaed, the air wHl paas up to the new thirl, and again efficiently ventUato the wo&ing faces. 
These operations of driving and thirling are repeated throughout the length of the levela. When 
spoken of relatively to the ventilating current, the level which receivea its air directly from the down- 
oast shaft and conveys it up to the working places is described as the intake, and that which receives 
its air from the worlang places after presaing through the intake, and conveya it to the upcast ahaft, 
la termed the return. 

If the coal give off much gaa, it will be impoeaible to continue the driving of the level throughout 
a diatance of 40 yds. under the influence only of a ventilating current passing through the thirl ; and 
it becomes necessary not only to bring the current up to the working faces at intervals, but to 
compel it to pass conatantly in doae proximity to thoae pointa. Aa it ia undeairable to tiiLrl at very 
frequent intorvala in order to meet tnia requirement, tne brattice ia reaorted to^ and ia similar to 
that used in the shaft during the process of sinking, but, being of a more tomporaiy character, it may 
be more lightly constructed. The use of the brattice is to divide the level longitudinally into two 
portions, and to accomplish this purpose it is erected vertically. The material is cliiefly wood ; but 
in numerous cases prepared canvas, called brattice cloth, is substituted for the boaiding or cleading 
of the wooden brattice. To ensure a strong current of air, the jointe of the brattice must be made 
fairly air-tight As the heading advances, the brattice is continued forward until ttie point for the 
next thirling is reached, when it is removed, and again applied to the next length. If the seam of 
coal is gassy throughout, the bratticinf^ will have to be repeated from thirhng to thirlmg, but 
Bometimea the seam is foul at certein points only, in which caae the brattice may be required only 
when paaaing theae pointa. 

Stoppinga, employed to prevent the air paasing by ways in which it is not required, are of 
permanent construction, usually of bricks laid dry, and backed up with rubbish, or of stowage 
closely packed. If the way ia to be a travelling road, doors must be used. These are usually 
made of oak, the jointe being rendered air tight by tongueing, and the framing inclined so that 
the door will close by ito own weight The door shomd be hung so aa to open in the direction 
in which the loaded tube are moving. In situations where the doors have great influence upon the 
direction of the current, double or even treble doors are employed, and auxiliary doors are some- 
times fitted, so as to be readily closed in the event of an explosion jamming open the ordinary 
working doors. These safety doore are usually made to turn about a horizontal axis fixed in the 
roof in which they are recessed, and are then, in an explosion, out of the direct action of the blast 

When the outgoing has to be conducted across the course of an ingoing current, the plane of 
the former must be depressed below that of the latter. In practice it U tlie rule to cany the 
return current over the intake, by forming in the roof^ above a turned aroh, a passage for the return 
current, or by means of a stone drift in the roof rock. It is sometimes necessary to conduct the air 
currento through abandoned portions of the mine, the passages being built with strong pack walla. 
The practice is open to the objection that in consequence of surrounding earth pressure the air- 
ways gradually contract From the fiict that air expands under the effect of heat, and that the 
return air is always at a higher temperature than the intake, it would appear desirable that the 
return ways should be somewhat larger than the intoke shafts. As at any tune in a fiery mine gaa 
may escape to the atmoephere of the workings, it ia neceasary that the air should be conveyed to 
the worlang places aa directly aa poaaible ; therefore air ahould never be brought through broken 
workinga and goaf^ although it may, for purpoeea of economy, be returned through them. In con- 
veying air through broken worka on the post and stell system, the whole current instead of being 
directed down one bord and up the next, is split up by stoppings placed in the headways of every 
second or third bord, so that the air may be distributed amongst two or ^ree bords; this system, 
termed coursing the air, diminishes the resistence from friction by increasing the total sectional 
area of the ways. 

There are many other matters connected with the winning and working of coal mines which 
have not been referred to here, such as the methods and appliances for lighting, arrangemento 
for transmitting signals, modes of dealing with explosive gases, methods of procedure in serious 
aooidento and the like, which could not be adequately treated in the space at disposal for thia 
article, and therefore have been omitted aa of minor importence to the general engineer. 
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Books on Coal Mining :— < A Practical Treatise on Goal Mining/ by O. G. Andi^, F.G.8., 2 vols., 
4tGi, London, 1876. * A DescriptiTO Treatise on Mining Machinery, Tools, and other Appliances 
used in Mining,' by G. G. Andr^ F.G.S., 2 vols., 4to, London, 1878. * A Treatise on Mining/ 
by Gallon, trauslated by G. Le Neve Foster, ?oL i., London, 1877. ' Boy on Goal Mining,' Kew 
York, 1878. 

GOKE OVENS. 

The nature and quality of the coke employed has so gr^t an inflaenee npon the manafactare of 
iron, that its production forms one of the chief industries in connection with the iron trade. The 
qualities required to form good coke are purity, solidity, and uniformity. Uniformity will depend 
mainly on the dimensions of the ovens employed ; in the bee-hive form of oven the diameter should 
not exceed 11 fl., nor the height be more than 8 ft. 6 in., for it is essential that the dome should be 
low, as the process of burning takes place downwards. The solidity of the ooke will depend upon 
the previous crushing of the coal to a uniform size, and upon the height of the charge in the ovens ; 
it being found that the smaller the coal has been crushra the more solid will be the resulting coke. 
As an example of the advantage arising from crushing the ooal previous to coking we quote the 
following. Owing to some peculiar condition of the coals at an English colliery, it was found 
impossible to make a coke of sufficient density, although nothing was traceable in tiie analysis, but 
hj the application of a disintegrator such an improvement was effected that the coke was rendered 
thoroughly marketable. No change could be detected in the analysis, the chemical composition 
being such as to make it impossible to trace any cause for the previous imperfection. Purity will 
depend mainly upon that of the coals employed ; and is obtained, in the case of slack or other 
ooal containing large quantities of foreign matter, by careful washing, as described in the article 
Coal Washing. The following analysis of ooke made from washed and irom unwashed coal will show 
the advantage obtained by thoroughly washing the ooal before coking. In each case the ooal was 
coked for forty-eight hours, and in similar ovens. 



Analysis of Gokb fbom Washed and 
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Sample of Coke. 


FKroenUge of 


Fixed Carbon. 


7oUtileMatter. 


Aab. 


Sulphur. 


Water. 


No. 1. Small ooal, as delivered^ 
from pit / 

No. 2. Small coal, moderately^ 
washed j 

No. 3. Small coal, thoroughly) 
washed / 


71-55 
84-37 
91-82 


3-53 
2-88 
0-04 


23*21 

11-48 

7-45 


1-15 
0-71 
0-55 


0-56 
0-56 
0-14 



For obtaining as large a quantitr of coke as is possible from a given quantity of ooal, various 
forms and systems of ovens are employed ; but though for some kinds of coal special ovens and 
systems of working may be of service, it is generally found that the old round form of oven or bee* 
hive is the best ; as from the simplicity of its construction, it is the cheaper in first cost and also for 
repairs. With this form of oven the tendency to wear out by the contraction and expansion arising 
from frequent cooling and reheating is also considerably less than with many other forms ; while 
at the same time the ooncentaution of the heat will be greater and there will be'a smaller percentage 
of side ooke produced. 

The last consideration is economy of production ; for though we may obtain a large yield of ooke 
of an excellent quality, yet if the conditions are such as to necessitate a considerable labour in 
charging the ovens and withdrawing the coke, so much expense may be incurred as to render its 
manufacture unprofitable. The ovens should be so arranged as to allow of the charge being intro* 
duced from above direct from the coal trams ; this not only reduces the amount of manual labour, 
but as the charging is peHbrmed in a much shorter time, cools the ovens less, and consequently the 
lighting up of the new charge is sooner accomplished than under the system of charging through 
the doors. 

The ooke ovens at the Brownery Golliery are shown in Figs. 919 to 921 ; Fig. 919 is a plan ; 
Fig. 921 a section on the line A ; and Fig. 920 a front view of one of the ovens. These are oon« 

819. 




stmcted on the ordinary bee-hive type, with certain modifications in the construction and arrange- 
ment of the flues, for the purpose of utilizing the waste gases for the heating of the boilers B. The 
ovens O are 11 ft. in diameter and 8 ft. high at the crown, the floor having a fall of about 
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9 In. from book lo tiaot: thej sn traCt Id doable nnn, tnok to \»6k m Ttnul, but ttie flnea 
F between tbem ue macli largei, BTenging 6 ft. 8 in. in heigbt bf 3 ft. 6 in. in width. To 
each chimney C, of ISO fL in bei^t, about 100 oveni ue connected, ».a equal Dumber on 
emch Bide, and tike floes and boilere B, four in nnmber, are bo arranged that the beat can ba 
carried peat iTl:en cleauins or repairB are reqniiite, the imall oounecting flnce D being bailt aa 
___ni ...^ tight aa poenble, and thna &eeacHn from imoke li obtained, owing to the air-tight 

character of the fioea, 
the amall amount of aii 

twlow 
the by 

irfeotl; burnt. Thti 
beoi teated by ad- 





Bnlphnr 
n the prooeM of ooking ia thm expended ;- 



wbioh waa the amount prcTiouBly oonenmed for the boilen, vhtlo sinoe these improvementa vera 
introdiMed not any coal baa been used either for the pumping or winding; the depth of the pit being 
100 btlioiiia. Tbe yield of coke from the oitaa aveiagea about 60 per cent, of the coal, of the 
tollowiDf approiimate oompoaition : — 

Carbon 06-1G per cent. 

Aab S-84 „ 

The analjiiB of the oo«l need being as foUowa : — 
Oxygen 6'6peroeat. I Nitrogen ,' ., l-Operoeot. 

H;diogeD.. 
The total theoretioal beat whieh ia dereloped it 

Heat Dtillied by boilera 

„ eaoepiDg lii chimney 

„ loet in radiation froni orene and flnea 
From this it will be seen thai even with theee Improved arntngementa oalj a verr be 
age of Uie total heat which Ib generated In tbe orena ia utilized ; but even under audi d 
it ia eetiioated that if tbe ayattm 

were adopted throughout the whole •«■ 

of the South Durham District, where 
in oollierj boilers not more than S lb. 
of water is on an average evaporated 
to the 1 lb. of coal, it would effect a 
aaving of 1,069,869 tons of coal in 

Fig. 922 Is an t^Ievation of a 
double row of twenW Gjer's coke 
ovens, as erected at Lloyd anil Go. 'a 
Ironworks; Fig. 923, an elevation 



H-0 percent. 
150 „ 
71 „ 
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J. 924; Fig. 924 is a plan, the 
bottom left-hand corner ahowinK 
the top of tlie ovens, the right-hand 
bottom a section on the line >/, 
Fig. 923, and the upper pi 
flffote a section on the line 
Fig. 925 is a cross section on tbe 
Unegh. These ovens are 11 ft. 6 in. 
long by S ft, wide inside, and are 
7 ft 6 in. high at Ibe oeutre. Each 
oven has eight vertical flues F on 
each aide, which are placed at Each 
a distance apart as to accommodate 
between them tbe oonespondiog 

flues of the adjoining ovens ; these vertical floes are 9 in. by 41 in ,and tbe walls which divide them 
tnaa the flnea of tbe next oven are 41 in. tbiok. Tbe flues F communicate at their upper ends with the 
orens, and at their lower ends with the horiiontal flues A under the floors of the ovens ; tbe fltisa 

2 B 



o traverse the length of the otoq twice Wore reoohlng the ohimney. l^e ovbdb oammimicate 
BepuBtel; nitb the ohimney b^ two flues C, ftbout 12 in. by 16 in. ; and whea the oveiiB are 
arranged in a, doable row aa in F^. 922 to 925, e&oh oblmney Berres for two oveDs ; the uptakes CX 
being proiided with. t. sliding dumper D, Fig. 925. On the top of the divisioD walls, between ths 
springing of the arches forming the roofs of the oveos, tiro plaoetl caat-iion trongh giidera G, Fia 
823 and 921, having a series of holes along the bottom so placed, that each of them is inunediatSy 



above one of the Terlical flues F, and bj means of a corresponding hole F' tn the hrickwork, is In 
OMnmnnicatlon with it These holes are geneisJly closed b^ pings, and serve either foi the admission 
of air to the fines or for the introdnotion of a her for deaning. Arobed openings B are also provided 
in the bee walla of the oven, through which the horizontiil Qnes A under the floors can be cleaned 
ont The ojiening in the front of each oven, through which the charge is withdrawn, is 1 ft. wide and 
9 ft high in the centre, and is liimiBhed with the nsnal door. The charging is perfornied through 



openings in the roofs, through the obarging holes E 

OMt-irondoorsHirumished with plugs I of ureday to , ... 

' coverfaasfbnr holesfonnedlnit,Bnd arevolving plaleloregni&tethe widthof theopenjnge. Between 
the charging hdes is a line of rails B, suppoited by standards 8, wbioh Aie fixed to Uie trough 
girders G. In working, the charge of every alternate oven is drawn when the ovens on either rideof 
it are in Aill work ; immediately the charge is withdmwn, the door is dosed, end the oven leoharged 
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'c tben replaoed, the holea In tbem being left opeo for the 
new It 'Charged ooal, miied with the blt admitled at the 
topof theoTen.enter the tide flaw, where, being highl; heated by the he«t commmiicatad from the 
flaea of the adjacent OTeni, they inflBme and are oonsomed. If ^e air admitted Ihroiich the open- 
iDga in H ii not nifflcicDt to oumpletely oonaame the gai, a fartlier quantity can be emitted into 
K tbrongh tlie hales in G. but it Is found profeiable to admit the whole of tlie aupplv at tbo top of 
the OTeoa. Tbe heat generuted io the flues is very intense, these are lined with firebricka ; it ia 
also iiciiifiiiBiij Uiat the oTens should be built upon s foundation which will not be afleoted by beat. 
Wbenoha^ed with eoel to a depth of 4 ft., or with from e to 9 tone of cml, the ovena can only be 
dlBWD twioe a week, but the coke piodnoed will tben be of the beet quality and of gnst atrerigth 
and hardness: if> however, tbey are chartj;ed with Santh Durham ooal to a depth of 2 ft. G in. or 
3 ft., or with from 5 to 6 tons eacb, the; can bo drawn three timee a week, and the coke, althongh 
not so fine as when a heaTier ohaige ia worked, will still be eioetlent Tbe yield of ooke la stated 
to be from 12 to 15 per cent, greater than from tbe ordinary roood OTon. 

At Marqaiae, Franoe, Appolt's coke ovens have been erected; Fig, 926 ia a vertical section, 
Kg. 927 a Tertioal section on the line/*!/. Fig. 928 a horizonlal section on the line £F, Fig. 926, 



and Pig. 929 a section on the line C D; Flz. 930 a vertical aaetlon on i K, Fig. B2e. The Uook 
of OTCDB consists of a wall S fL 5 in. thick, and 20 ft high, enclosing a swioe 17 It. 2 in. in length b* 
16 ft 9 in. in width, this space heine divided by partition walla into eighteen oblong oampertments 
or shafts o arranged in three rows of six ; each ooDiDartment measures 4 ft. 1 in. by 1 fL 6 in, indde 
at the bottom, and 8 fL 9 in. by I /L 2 in. at a beigbt of 11 fL ; &om this level the side wall* are 



carried up perpendicnlarly, whilst the end walls are sloped inwards so that each ormpartmeut ter* 
minatea at a height of 13 ft. 2 in, in an aperture 14 in. square. Owing to the tapering form, spooea 
d are left, which communicate with a by means of the openings >' in the division mils; Uie walls of 
the oampartmeiits being strengthened by struts. 

The compartments are buirt of flrebrick. and the enter walls, as well as the flnee and other parti 
exposed to the heat, are lined with the same material, and on tbe top of the block rails are laid. 
Beneath are three tunneli T separated bj walls m ; in the crowns are openings corresponding to 
the aerenl oompartnieDta abovc^ and oloeed by the oast-iion doors p, which are constructed as in 

2 ■ 2 
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Figs. 931 to 933; these Joon allow the ooke to be diaoharged into waggong trhioh ran on the nil* 
S, an operation much facilitated bf the tapering form of tbo oompftrttneDtB. The Aoon p an 
■trcngUiened with cross pieoos/jor r, Figd. 931 to 933, and hinged at 9. o are oaat-tron pipei 3 In. 
in dismeter, communicating with the spaces ; other DpeningB c* are also formed at different 
heights in the outer vralls for admitting air ; they ere fitted nith regulating plugs. The prodnota of 
combustion are led off from d by the flues d" and if, whioh leare at two different leTels on each 
tide of the oven, and are oonnected by the system of flues <". g" ore too wronght-iraa cjlindera, 
used for drying and lieatiug the washed ooalspreTioostocoking. In thecylinders^ are thedoorsw 
by which they are charged, and there is a wheel taming them : one of the tnmnions being hollow, 
to allow of the escape of the steam from the cool daring tbe drying prooeat. 



la working, tbe time allowed for weh charge is twenty-fonr honrs, which is slated to be snffieient 
for produdng a good hard ooke. Nine oompartments are emptied every twelve honrs, the altemals 
compartment t^ing treated slmaltaneonsly, with the same object as in Qjer's arrangement 1 the 
gas from the fresh coal pasdng through the openings ■', and b^ng brooght into oontact with air, 
and with the flame from ttie other compartments, the dampers <f and enabling the supply of air 
to be regulated. The main featore of this 
arrangement, as in that just described, is 
the atilization of the heat generated by the 
oombuElion of what are ordinarily waste 
gases. The ooke is discharged into an iron 
waggon which is lined with thin fliebrlcks, 
and on receiving (be charge the waggon is 
honied out and the coke quenched. Tbe 
door p Is then closed, and a Booopful of 
■mall ashes is emptied into tbe compart- 
ment from tlie top; tlieso ashes 'lie apon 
the bottom door p, and prevent it and tbe 
cnrrounding ironwork from being injured 
by the beat. An iron eorve, having a hopper 
bottom, and containing 2i cnt. of ooni, is 
then bioaght over the compartment, and its 
oontenti) discharged through the hopper ; 
this operation is performed almost instantly, 
and the top cover E being then put in 
place, and lated with a little wet clay, the 
oven is in fall work again. The yield of 
ooke obtained from these ovens averages 
abont 80 per cent, of the weight of coal, or 
atioat 18 tons of coke a day uf twenty-fonr 
honrs from each group of eighteen ovens, 
and this ooke is of good qnality. 

Figa. 934 to 936 are of Eaton's coke 
ovens; Fig. 935 being a part elevation of 
the front of tbe oveos: and Fig. 936 a sec- 
tion tbrongh one of tbe cells A, oonnect- 
ing flues D and central chimney shaft Q. 
Fig. 934 ie a quarter plan at the top of 
tho block of ovens, and a qnaiier-sectiooal 
plan showing tbe arrangement of the ovens 
A, and the Uaes D C E and O. Foar blocks 
of ovens are onanged around a central ohim- 
ney shaft Q ; the btoclis being separated 
from each other by division walla K, and 
oonunnnioating with tho central shaft D 
by a separate connecting fine E. Each 
portion of the block consists of a series of 
ovens A, whose nnmber and dimensions are 
regulated by the size of the entire block. 
These ovens are formed by dwarf walls B, 
varying in height and thickness witli the 
size of tbe block, and are built of fire- 
bricks, the walls being made to radiate 

ontwardg from the {sonoral flue C, whioh is connected by another small flue E with the main 
cbironey shaft Q, which is divided into divigions corresponding with the number of main division* 
in the block, as in tbe pkn Fig. 934, ao that each seotion may be worked Independently or the 
whole together. The entire block of ovens is tied and bound together by the wire ropes H. The 
cells A being wider at tbe enter end than at tbe end next tbe general flue, allows the ooke • 
free exit wlien carbonized, and this is further assisted by making Uia bottom of eaoli oven incline 
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floe G, whioh reoeiTea the gai from the eella, whence it is carried off bj the buiiui hub a uuu- 
nected with the central ihafl Q. The ontleta are fitted with «uit-iron doore H, the jancLi of wliieh 
are filled in with firebrick, the doora being bung (o caat-imn poela L built into the walls; UieM 
doors being secnred when oloaed tijr meana of Bat iron ban O. The general flaea C are provided 



with opening! for thepnipoee of eleaning and repairs, and these openings are closed bj the cast- 
fron corering plates IT WheD the process of mokinz the coke commeni-es, the cobIs are thrown 
into the oella through the openings B in the tops, and so soon as carbonization commencea. the gaa 
which eacapea from the oo^ is forced tbrongb the small opening D into Die general flue C, and 
beotHnea mixed with the gas issuing Irom the other oells, aud is fliially carried off by the chitnnej 
G. Ererj part of the block is clwtd to the atmosphere, therefore there is nodiBnght. the carboni- 
lation bring produced b; the oouceDtrstion of the ht»t in tlie oven irhlch is maintuined b; the 
oonataot supply of coala. When the g&s is expelled, the coke does not waale in the oven, as the 
openings are closed with clay, and as the coke is removed out of the cells it is smothered with 
water, end by this means a very hard and dense coke is produced coata^ing a high percentage of 
carbon, and pocsessing a brillianl and metallic appearance. 

Oobittt's oake ovens, Figs. 937 lo S39, are constructed on the principle of horizontal muffle 
fdrnaoea; the chief object being the coosumption of the smoke which is generated during the 
operation of coking, and so lo prevent the inconvenience and annoyance arising therefrom to the 
neighbourhood in which tlie ovens are erected. Fig, 937 is a longitndinal aectian taken oloug the 
line a,b,c,d,e,/,g, h,i,j, k,I, Fig. 938, of a portionof uneven consisting of a series of coking chamben 
constructed aind arranged on this principle ; Fig. 938 is a horizontal section of tlie eHme, taken along 
the line m, n, n, to i' ; Fig. 939, half section on 1 and 2, Fig. 937 : Fig. 939 * Is a half section od the 
line 3, 4, Fig. 937, A, are openings thnmgb which tlie coal is introduceJ into the ovens B in order to be 
carbonized. The incandeicent gaws which evolve duiiog the process of corbonizatioa are con- 
ducted through a aeries of apertures C leading from each chamber into laleial flues D, running 
towarda the respective ende of the chamber, and commnnicating by passages E with other lateral 
tines F. From these flues the gases are conducted tbrongh apertoies Q into flues H, arranged 
imdenKsth, and following a circuitous course towards and from the ends of the chamber, which 
flnes communicate by means of other apertnits I with tiaes K, fonned in the otber wall of the 
chamber. The gaaea-lben escape through passages N into the nuio fine O, where the gaaes from 
the whole of the ovens B nnite, and wbence they are conducted throagb flues P and Q Into the 
chiouiey B,whiohiaritti>tedBt the extremity of toe series of ovens. By meuis of this ananEement 



emno, bat nerer 
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lie litiuta isol>Tiiit«d. 8 we doon coiudating of plates of iron fitted with refraotory naterisl ami 
luted. Tbeee doon elide on inm enidea, Bud (u« opet*I«d from above by meana of traveUidg craiiea 
running npon rails tj laid longitadlnaUy along the top of the OTen. The taka ia removed t^meaiia 



The Copp^ coke otcdb are shown in Fin- MO to H9. A. row oonriiting of twenty, thirty, or 
forty ovens, the atraDgemeat of chitnneye and boilers at eaoh end of the block being the nine ; Fig. 
940 ia a vertical toDKitncljaal aeclion ; Pig. (fU a vertical cioas section on ttie line I m ; Fig. 942 a 
longitudinal section snowing the position of the cold air flnea I. and thui connscticin with the Saea K 
antfL, and ohimney N ; Fig. 94.t U a plan of the top of the ovens ; Fig. 944 a sectional plan on the line 
a b, and Figs. 915 lo 948 are aimilar sections taken respectively on Uie lines o 4 «/, jr A, and t il ; and 
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Fig. 949 iianealaigedelerkticaiaDdMctioiiof twoof theorens. The oo«l b hoe ooked in a oom- 
pontirely thin aheet or layer between tdghly heated brick walli ; the ovam O (X are pUuwd together 
ingTonpa of Ito, any nnmber of grcrniM being oonnected to the common ohinmey. Theoharacter- 
iatios or the C«>p£B oven are— a emm width and an arrangement of channeli especially salted for 
pocK ooals, it uaTing been proved b; experience that niany qnalitiea of ooal which are not snffl- 



oientl; bitnmlnona to coke Id ordinan ovens, may, however, be ooksd in the Oopp^ oren; the 
Dombostlon of the gasee evolTed, by a double admiwioo of air : the oombinatton of all the hot gaiea 
in aoommon flue F, rnnning beneath the whole range, and their otilization for heating ben lert, and 
the employmeDt of floes I for cooling and preeerving the brickwork. The flamea from O O* paw 




n EnnEDC 



through a series of openings A, made at the apringing of the arch, and circnlate in channels B, then 
paatinz beneath the sole of the adjacent oven, enter by a Tertioal flue O into F, which flrst pawea 
oeneBtn the boilers B, and then leada to the chimney 0. The gaMB are burnt in the channels by 
twosetaof jetaof warm air, one entering the oven at D, and the other entering theToitical BueaB; 
the admimoD of the ait is regulated b; slide bar* B and F. Galleries I ander the briokwoA 
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Me tnrened by omrenta of oold air, which cool uid pt««ene the itmctore. The air enters at K, kod 
tMTenea fbnr ordinur briok gftlleriea L; at the point H in the centre of the hlook of oren* it 
aiioeiids, enleriDg the Qnea I in order to reach the oliJDinej'a N. To diminish the Ion of beat t^ 
todiatioD, the ton of the oveni are covered with a bed of claj P, on which bricki ore laid. The 
otdioar; dimennona of an oTen for a coking of twentT-fonr bonra ore — length, 30 (L ; width, 18 in. ; 
height, itL; foia ooking of tbr^-eight Ixnin the width ia 21 iiL,aiidUie Iwight 5fL7 in. 




The oool preTtom to coking U thoroughly cnuhed, and la fntrodoeed into the oren by the three 
diaigiog hole* B ; the time occupied in drawing the Elniihed charge and in refllling being only aboat 
eight mmntea. The advantages poaaened by thla syiteii] of coke ovena are, Bnt, mpidity of action. 
The oobI falling into a oarrow chamber which bos been nised to an intense heat by the preTJooa 
charge, oomnienoea bnming on all aides at onoe, and being very flna, it ia in the beat oondition for 
giving off its goaes rapidly. By the airangenient of thefluee, and the plan of discharging alternately, 
the cool gHsea given off b^ the oven just filled promptly miogla with those of the neiifhboaring oven, 
which by this tune is giving off it* gases at their nigheot temperature ; the mingling of the gaoea 
raiaea the temperatnre of the one oven almost inmediBtely to that of the other, and thus a very high 
and nniforrn temperatare is maintained. The thin layer of small coal boming on oil sides at once, 
the volatile gases are rapidly expelled, and the oven is reedy to be drawn in one-third of the time 
required by the ordinair ovens. A second result is, that a largely inoreiued yield is seoored, being 
not less than 10 torn of coke for every 100 tons of cool cok»l. The third resnlt is, an improved 
qnality of coke ; the coke prodoced by thia ayatem tieing remarkably hard and dense, and Uiia hard- 
ness is probably in a great mcBsnre owing to the omahing to which the cools are aabjeeted previous 
to coking. There is alM a slight saving of labonr by this ayatem. A further advaotai^ claimed Tor 
thfoe ovens is their odaptabili^ for the utilization of the waste gaoes for the productum of ateam ; 
no extra expense being required to the ovens themselves for flnea and the like, there is oidy the 
ordinary cost of boilen and ohimneys, which can be added to a groDp of oven* at any time. The 
quantity of steam produced will vary with the quality of the oool and the system of boiler 
adopted ; but from 2 to 4 horse-power an oven can generally be obtained. Those ovena are di*- 
ohorged by meana of a etone and a ram, which enters at one end of the oven and forces the coke 
out at the opposite end. 

In Figs. 9M to 952 are shown the coke ovens erected in 1672 at the worka of the Seci^ de 
I'Esp^rance, at Beiaing, Belgium ; at which place the mannfaotore of ooke is conducted on a very 
large scal^ all the small cool which ia raised being washed and converted into coke, 900 ovens 
being employed for the purpose. The ovens are bnilt in one block of forty-two, the dimensions <^ 
esoh oven bung— length, 31 ft. 2 in. : hetebt, S ft. 9 in. ; and width, S ft. 4} in. Fig. 950 is a longi- 
tudinal seotion ; Fig. 951 shows an end elevation and a eross section of three ovens ; and Fig. 9S3 
is a seoljonal plan on the line abed. The burning gases which ore evolved from the oou^ pan 
through the openings A, aitoated on each aide, into the floes B, thenoe into the main flues 0, and 
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from then ther paas by flnes D into the chamber E which opene into the chimney. In the chamber 
E are set nx plain cjlmdrical boilers, 4 ft 11 in. in diameter, and 46 ft. in length, which are used 
for rapplying steam to the pumping and winding engines. Suitable means are provided for shutting 
offT the liot gases from any two ooilers, so as to allow of any necessary repairs being effected. The 
heated gases after passing under the boilers O are discharged into a chimney 164 ft. in height, and 
having an internal cross sectional area of 48 so. ft. The charge is fed into the ovens O m>m the 
wagigoDS H, by the openings and shoots F, and conaistB of 7 tons 14 cwt of small ooal, yielding 
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6 tons 4 cwt of coke, or about 80 per cent. ; and this coke is clean and hard, and free from snlphur, 
this latter quality being most probably due to the very careful washing which the coal receives 
previous to coking. The time occupied in coking is forty-eight hours, so that the daily produce of 
each oven is 8 tons 2 cwt., or rather more than 180 tons of coke a day of twenty-four hours for the 
whole block of forty-two ovens. The coke is discharged by means of a steam stoker, whidi traverses, 
on four sets of rails, the whole distance in firont of the block, so as to be brought opposite the 
entrance to each oven as required. 

•S3. 




Galloway's improved coking ovens are shown in Figs. 953 to 956. Each block of ovens is pro* 
vided with two main common flues running the whole length of the block, and communicating by 
smaller flues and openings with the interior of each of the ovens. One of Uiese flues, called the gas 
flue, 6, is used for collecting the heated gases from those ovens which are in ftiU operation, ana to 
discharge it through those ovens which are empty, or which have been newly charged, so as to ex- 
pedite the ignition of the charge, and thus to save time in the process of colang ; ue heated gases 
may also be distributed from the main gas flue through heating flues constructed in the partition walls 
between the ovens, and thus assist in maintaining a high and constant temperature tnroug^out the 
whole of the block. C is the ordinary chimney flue by which the spent gases are conveyed to the 
chimney. The ovens, illustrated, are in the form of horizontal retorts with arched roofiB; but 
this system is equally applicable to the bee-hive or any other form of coke oven. Fig. 958 shows 
four ovens, formmg part of a single-row block, one of the ovens being in plan, and the others in 
horizontal section on the lines 1, 2, 8, Fig. 954, which is a front elevation, and vertical cross- 
sections on the lines 4, 5, 6, Fig. 953. Fig. 955 is a vertical longitudinal section on the line 7, 
Figs. 958 and 954 ; and Fig. 956 is a similar section on the line 8. The main chimney flue O and 
tlie main gas flue G are constructed parallel to and near each other beneath the ovens O, which 
they cross, running along under the entire row of ovens. The gas flue G is nearer the outer ends 
of the ovens, and at each part between the ovens it communicates by a vertical flue a with an 
upper horizontal flue 6 constructed across the front ends. This upper gas flae 6 communicates 
wiu O by two short branch flues c provided with dampers. The chimney flue has in com- 
munication with it, at the back of each oven O, two vertical flues d^ which communicate with the 
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the \miik. the proportion of gaa passing thioagii theie flues / beinf: detariDined bf n 

TeKDlating Talvea. Then are two sets of air-inlet pawages provided, both entering from the ba^ 
of the bluch, the one set g oommnni eating witb the interior of the oven O by a ewiea of amall 
inlets h, and anpplyin^ the air reqaired for the imperfLct oombtution taking place id the oveiu, tha 
amoDnt being datenmned by a regulating valTe at the oaler end of the passage. The other air- 



aranbuitioii of the g«a in those flne«. Id Fig. 955, where the oharge is snppcsed to be ia an 
adTBDced state of ct^ioK. the arrows show the air entering the otcus O bj the inlets A ; and tha 
easeoiu prodocta erolTOd from the cboTKe, passing bv the fluee cha into the main gas floe G ; 
but in Figs. 953, 954, and 956, the arrows indicate ttie direction of the onrrents as the; ore when tbe 
KBMa from the flue G are dlreeted throogh an empty or a fieahly-charged oven. Tlie ohange of 



I, the several 

recharged alternately in regular n>tation, the gases fiom the ovens in 
which the charges are in (holr mora advanctil stages being utilized in heating up in aucoesslon the 
emptied and fresh ly-cLsrgad otsds. With tiiese snangements the heating np is effected in very 
niDch less time than in ordinary oofce ovens, and also with very much less consumption of tbe 
carbon of the ooal ; and where convenient or desirable the consumption of tbe carbon of Hie coal 
that is being coked may be still further reduced, or entirely avoided, by supplementing the gases 
in the main ga« floe G with oombustiUe gas formed apart from th« coke ovnns. When a chaise 
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in wy oren tuu been thinoaghly Ignited, and the coking praeen ii In hll opantioD, Ibe dimpen 
in, or contTolling, the branch Saet « that oven oro tot to ai lo cause tlia gaaHini prodncta from it 
to pan into the gas floe O, or partly iato the gas flue anil parti; into the obinner flua C. Fridi 
the na floe O the gaaei are directed so aa to paw throagn any oven that is empty and abont to 
raoeiTe a abttge, alao through any (reahl;<«liarg«d oren, lo a« to expedite the ignition of Uie oh*rge 



therein, and aln thtongh tlie heating flaes / in the oren walla. The gases led in this war into 
empty or recently-charged ovena traverse them and paaa ofT thenoe by s intn the floe c, which lUao 
receivea thegaaea that bnTe pawed throngh the beating flnea /. These morementa of the gasea 
are produced by the chimney draught, or if conveniuat by gaa-cihamting apparatua in con- 
DMtion with the chimney flue ; the movementa being regnlated mainly by meana ot Uie dampen 



in t, oonDecting the orens with the ohimDey flues. Oiieratara won get skilled In working theae 
OTena. and they can then be made to ooke Tety economically. 

OOPPEE. 

Copper, one of tlie most nsed of the oommerdal metals, baa been prodneed hun the earliMt 
timea t^^aaoeasMtbat are, to acertaiD extent, wanting in eooDomy. The introdoction of eleotricity, 
that proDiiBed mncb, haa not met with extended practical application in the redncUon of copper, 
metallnrgically considered. Aa far as this agent haa been applied in an engiueering sense, the use 
will be foDDd deacribed nnder the head of Electricity. The greatest improrement in the obtaining 
of copper from its ores is due to J. Hollway. 

WneD metala are abstracted tnim their orea by fnsioii, the ueeeasary beat is generally obtained 
by the bomiag of ooal, coke, or other form of oaJboD. But aolphidea are combnatible sobatanoe^ 
and can be nuide to bnm in air ; while ozidea are bodies that have been already bnmt, or entered 
into combiQatioo with oxygen. J. Hollway haa ahown that metalliv anlpbides can be ntilized as 
■onroea erf' best in certain metallnrgical operations. 

The most important of mineral aulphidea is pyrites. The predominating constitnent In thia 
mineral species u bisnlphide of iron, with which are frequently associated sn^ihidee of oopper and 
araenio; ailTeraod gold are nauallypresent in larEeror smaller quantities. When pyrites is roasted 
in the open air,an inoreaae of temperature takes place in its mass, lo that oxidation continues with- 
out the applicatitm of eitenukl heat Thia opeiatian is carried on in Spain and other countriea, 
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where vast quantities of onpreons pyrites are exposed in heaps for several months to a slow prooesB 
of oombostion, which gradually resolves the sulphide of iron into ferric oxide. A similar oombnstion 
is effected in the pyrites burners of the sulphuric acid manufacturers, the solid product of the 
operation being known as burnt ore, an impure peroxide of iron. Sulphuretted ores of copper, lead, 
and zinc, are usually roasted to render them reducible in the furnace, and to make those other con- 
stituents which are of little value capable of combining with the fluxes used, the requisite heat 
being always obtained by the combustion of ooal or similar materials. 

This process of roasting extends over a considerable space of time, and the heat evolved by the 
oxidation of the sulphides is never very manifest at any period of the operation. The sulphur and 
metals frequently burn to waste, because the utilization of the heat resulting from the burning 
of such fuel has not been fully considered. If a rapid current of air is forced through molten sul- 
phides, the maximum temperature of the combustion is attained, because all the oxygen of the air 
driven into the mass is then used for oxidation, and the operation is concentrated into the spaoe of 
a few minutes, instead of oocupyine, in the case of cupreous pyrites, many months. Holloway has 
found that the oxidation of sulphides would produce sufficient heat to render their smelting a self- 
supporting operation, by forcing a current of oxygen from a gas cylinder into the molten sulphide, 
contained in a fireclay crucible, with tuv^res. In further experiments, the sulphide was acted upon 
hy a current of air, sand bein^ added during the oxidation. A regulus and a slag were obtained. 
The sulphide of iron was made by fusing cupreous iron pyrites in a steel melting-furnace, the fire 
of which was allowed to bum down as soon as oxidation commenced ; when the blast was turned 
on, the tuyeres were dipped into the contents of the crucible, and the blowing continued for thirty 
minutes. Although the whole of the oxygen was probably consumed, yet the oxidation bad not 
prooedeed far enough to concentrate the regulus to any extent. About half the iron was removed 
as ferrous silicate, containing * 104 per cent, of copper, and the separation of the poor renins from 
the superincumbent slag was very distinct. A further trial was made with the Bessemer converter, 
the plant employed consisting of an ordinary cupola, 4 ft. diameter at the tuyeres, and copper 5 ft. 
above, having eight tuybres, four being 3 in. in diameter, and the remainder 4 in. in diameter. A 
ladle was used for conveying the molten metal to the Bessemer converter. The Bessemer converter 
was capable of treating 6 tons of crude iron at a time, and was lined as usual with gannister, and 
suppll^ with cold blast. 

The engines for supplying the blast had two cylinders of 42 in. in diameter, and 4 ft. stroke, 
working at about 45 revolutions a minute, at an average pressure of steam in the boilers of 73 lb. 
per sq. in. The pyrites was put into the cupola with coke and treated like pig iron. When at each 
operation the cupola was tapped, the molten protosulphide was run into a ladle, and thence into the 
converter. With this plant, protosulphide, containing 3*4 per cent, of copper, yielded after fifteen 
minutes' blow a regulus containing 46 per cent, of copper. The destructive action upon the gannister 
lining was gradually mitigated by throwing sand into the converter. In another experiment, the 
pyrites used oontained 2 to 3 per cent, of copper, 1*5 oz. of silver and 3 grs. of gold a ton ; owing 
to the small quantity of protosulphide employed in each of these experiments, the blowing was of very 
short duration, and over blowing had to be avoided, but in operating with larger quantities of proto- 
sulphide there is not the same difflculty. With another blow occupying seventeen minutes, 14 cwt 
of red sand were added. The main pressure of blast was 20 lb. a sq. in. The blown product of the 
experiment was emptied into ingot moulds, and allowed to cool. When cold it was found to consist 
of three zones, the top one being the slag proper, the central zone a mixed product of slag and 
regulus, and the last the regulus free from slag. The specific gravity of the regulus was about 4*8, 
and the slag about 4*1. The products of the experiment gave upon analysis, for the protosulphide, 
sampled as it ran from the cupola, 59*62 per cent, of iron, 3*52 per cent, of copper ; the slag, 53*3 
per cent, of protoxide of iron, peroxide of iron 3 per cent, iron combined with aalver 5*79 per cent., 
copper combined with silver * 16 ; the mixed regulus and slag, iron 55 per cent, copper 5 per cent., 
silver 10*41 per cent, silica 12*70 percent; the r^ulus, iron 57*10 per cent, copper 15*81 per 
cent. The temperature of the gas at the mouth of the converter was 157° 0. one minute after the 
blast was turnea on, and rose to 703° 0. at the end of fourteen minutes. In some cases the zones 
were not horizontal, but more or less conical, as, owing to sudden refrigeration of the mass, Uie 
denser particles subsided last in the centre portion, which remained fiuid longest The lining 
of the converter after these blows was found to bo not very materially acted upon, and therefore the 
reserved converters were not required. 

Holloway recommends that the form of the ftirnaoe should be a modification of the ordinary blast 
furnace, fitted with a tuy^ hearth. Such a furnace, built on pillars, with boshes and hearth of 
some substance not rapidly acted upon by the slag formed during the burning of the sulphides, . 
would, working continuously, treat a large quantity of material. Being built on pillars, the orucible 
hearth and tuy^ bottom could be replaced when necessary, without disturbing the remainder of 
the structure, and as these would be the only parts in contact with the fused materials, the Aimaoe 
from the boshes upward should not experience much wear and tear. When a gannister lining similar 
to the ordinary Bessemer lining is employed for the boshes and hearth, the corrosive action of the 
protoxide of iron would be neutralized and avoided by introducing with the pyrites sufficient sili- 
ceous material to produce a slag containing at least as large a proportion of silica as compared with 
the bases, as the formula 2 R 0, SiO^ If, however, a basic lining is employed, the slag should 
contain less silica, and in no case more than the proportion equivalent to the formula 2 B O, SiO,. 
Under such circumstances the blowing would be continuous, the hot charge coming down to a fusion 
zone, the height of which over the tuyeres would be determined by the amount of air blown in, and 
the frequency with which the blown products are withdrawn, varying likewise with the composition 
of the charge. The products would he withdrawn by tapping, as with a common blast furnace, the 
regulus being run on from a reservoir below the tuyeres, where it would collect, and being thus 
unacted upon and undisturbed by the blast, rich regulus, or even metallic copper could be produced. 
By continuing the oxidation, and producing Cu^o, and some metallic copper, the gold and silver 
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would be found with tbe mefallio ocmper. It is well known that small qnantitieB of mlver and gold 
are fur more oompletelj extracted nom minenda by smelting, or the treatment of fluid metal or 
metallic regnlns, than by any wet process. The fact that b^ such methods practically the whole 
of theee metals present are collected and conoentmted, is the nmdamental principle of the analytical 
assay, and is proved by the aocniaoy of determinations made in this manner. A large side flue, at 
the top of the furnace, Fig. 957, would carry off the eases and sublimates after their temperature 
had been rednoed in heating the charge, introduced above through a self-closing hopper. Such a 
furnace, 90 or 40 fL high, with a hearth capacity of I cubic metre, would be capable of treating 
annually 50,000 tons of pyrites and a similar quantity of siledous fluxes, working 200 days in the 

year. 

The theory of smelting sulphides with a blast furnace is as follows ; — ^The operation is started 
by placing tlie tuyere hesrth in its place, and throwing in hot coke at the top of the furnace. The 
blBist is now turned on, and the coke dcTelope a high temperature by its rapid combustion ; the 
ordinary working charge of sulphides and fluxes is now introduced at the top hopper, and as the 
sulphides melt the coke bums away. As soon as a layer of molten sulphide lies over the tuyeres 
the blast is increased, and also the burden of the furnace. The charge above the fusion zone, as it 
descends, is gradually heated, losing much of its sulphur by volatilization before it becomes molten. 
On fusion, a oonsiderable amount St lead sulphide will distil over, accompanied by the remainder 
of the arsenic as sulphide, in the strong current of nitrogen and sulphurous acid. These gases, as 
they pass upward in the furnace, will be greatly reduced in temperature by the volatilization of the 
sulphur and moisture from the crude materials. There is some reason to believe that more than 
huS of the sulphur in pyrites is volatilized in the free state by this operation. The sublimed 
oxides, sulphides, and sulphur, would be collected in the wide chambers with which the side-flue 
is connected. Below in the hearth, the oxygen of the air forced in acts upon the sulphides of iron 
and zinc contained in the charge, and as long as a constant supply of these substances arrives at 
the hearth no other constituents present will be appreciably oxidized. A tap-hole near the top of 
the hearth allows the slag to be withdrawn. The blowing would be continuous day and night, so 
long as the tuy^ hearth lasted ; and the heat from the gases after they leave such a furnace 
could be utilized so as to heat the blast, or to produce steam-power for the blowing engines. The 
produce of about 6 tons of material would be tapped every half hour, so that in seven days' work 
1000 tons of pyrites would be treated. If desired, the products could be run direct in suitable 
roverberaiory furnaces, when, after the regulus had subsided, the slag could be run off while yet 
in a molten state, and in which the oxidation of the regulus could be completed. It is diflScult to 
see how the charge could be overblown, but if it were, the product could be worked up again 
by addhig it to a subsequent charge of sulphides, introduced at the top. 

The sulphurous acid evolved could be oxidized into sulphuric acid in chambers, or reduced to 
sulphur by sulphuretted hydrogen. The latter decomposition might be accomplished bjr driving 
superheated steam into the furnace where the sulphides are oxidized. The sulphurous acid could 
aUo be utilized by Hargreaves* process, and there are other possible methods of treatment, such as 
dissolving the sulphurous acid in water bv spray jets in towers, or by condensing the gas to the 
liquid state. Large quantities of liquid anhydrous sulphurous acid can be produced, from which 
sulphuric add, free from arsenic, could be inade. The gases, freed from impurities mechanically 
carried over with them, are first cooled and then led into towers, or other suitable vessels, filled 
with charcoal, which will absorb and retain the sulphurous acid, and allow the nitrogen to escape. 
The sulphurous acid is afterwards obtained from the absorbent by exhaustion or heat, and, 
being thus practically free from nitrogen, can more readily be liquefied by compression than is 
poBSU)le in the presence of a laree quantity of that gas. The sulphurous acid having been 
extracted, tbe chiurooai will be ready for another operation, and may thus be used many times in 

succession. 

The following are calculations for working in Spain of 300,000 tons of pyrites, containing not 
less %>*f»^ 1| per cent, of copper. The coal necessary to produce the cold blast would be about 
20,000 tons, and further 11,000 tons to heat it to 1000° F. One ton of pyrites contains, say 90 per 
cent Fe S„ and 1*5 per cent of copper. 0*90 FeS,= '66 FeS, of which * 60 has to be oxidized. 
Of the remaining *06 Fe S, *03 passes into the slag as iron protosulphide, probably combined, and 
*03 is left with Sie regulus. Under these ciroumstances the regulus will contain upwards of 30 per 
cent, of copper. Thus -080 Fe S-h -015 Ou= 045 of regulus, containing -015 Cu. or 88^ per cent, 
0*60 FeS requires *827 O for the reaction, FeS-hO,=Fe O-hSO^ Oxygen exists in air in the 
proportion of 23-5 per cent by weight Therefore, 23-5:100: •827=1 -391. Or 1-391 tons of air 
are required a ton of pyrites; 1*6 tons has been calculated upon to ensure an excess. Assuming 
that 1-6 tons of air are required a ton of pyrites, the amount of air to be blown in will be 480,000 
tons a year, and reckoning 50 weeks of 160 hours each as working time, this is equal to 1 ton a 
minute of air required. This equals 29,800 cub. ft., and would be blown by engines whose 
blowinir pistons have a collective area of 11,309, with a piston speed of 374 ft a minute. When 

11 309 X 17 X 874 
bbwing 251b. blast, the average pressure is 171b., therefore — ^ — 33006 ~ ^^^^ indicated 

horse-power, and adding 10 per cent for the friction of the engine, 2395 indicated horse-power. If 
the engines were of the compound type, so as to ensure economy, they would not use more than 
21b. of coal an hour an indicated horse-power. This equals 2395 x 2 = 4790 lb. =2*13 tons an 
hour, and in 8000 hours a year, 17,040 lb. This, the very least that should be calculated upon, would 
probably in practice reach 20,000 tons a year. Each indicated horse-power would require, say 
22 lb. of water to be evaporated an hour, or for 2395 horse-power 52,690 lb. of water an hour. 
Each square foot of holier-heating surface would not evaporate more than 5 lb. of water an hour, 
therefore 10,538 square feet of heating surface would be required, and this should be contained in, 
say, 20 boilers of ordinary size. 

Figs. 957 to 959 are of an arrangement of plant for treating 300,000 tons of cupreous pyrites by 
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HdlowBf'i laoccn. Fig.657i«of aconTBrterfortTCdtingcnpreouipyritwbythiBprocew. Tig 960 
Is ft nction on the line A B, Fig. 958. Fig. 959 is an extended wctioo on tba lioe CD. a a me 
the depomtin^ pits, b the famace, c the bnnlccn, d the gatpbur-collecting ohamberv, t the blowing 
oupolaa, / siding and trarnvsv for empt; ladles, ^ hot-blast sloves, A snlphor-depositing chambers, 
I reverboatoiy funiaoe heated bj goa, j the bot-blast main. 



It Is estimated that bj this prooen 800,000 lonsof p;rites,iy)ntBiiiiDgiiot less than If per cent, 
ooppei, 1 01. 11 dwta. B gn. silver, and 3 gis. gold a ton of pp'ites, should prodnoe 19,000 tons of 
t^liilas, oontaining 30 per cent, copper, 19 os. 13 dwts. 8 grs, silrer, and 1 dirt. 6 gn. gold, a Ion of 
regntus; bnt the quantity is Bomewbat less, because there is a small loss of copper in the slag, 
whiob, however, should not exceed 10 per cent of tbe total copper. 

800,000 tona of pyrites would also produce 72,000 tons of crude sulpbnr, and there would be 
expended on S10,OOD tons of pyrites 18 tons of coals for STery 100 tons of pyrites. 

If ordinary saod or eilioeotis rock is employed, 1 (on wilt be required to avoir 3 tons of pyrite*. 
In these oalculations, however, an eitreme case is preferred, that (he silica might be taken &om 
the linings of the vessel, and therefore a larger quantity moat be calouluted upon, as sand cannot 
be nsed alone for the linings. 150,000 tona are therefore estimated as the qnannty required. The 
anbetances volatilized consist of varying miituies of arsenioos sulphide, lead Bulphide, and oxide 
of line, also sulphide of the hitter metal. There ma; be also small qaantitiea of sulphide of 
thallium and oxide of iron, which may, for practical paipoeee, be neglected. Sulphur and sulphide 
of arsenic are readily vaporized in a current of non-oiidizing gases at a low red beat, 500° C.> while 
■niphide of lead, as also oxide and snlphide of zino, distil very slowly under BimihLr circumstBDrea. 
The greater part of the zinc and lead is found in tbe first sublimate chambers, while the sulpfaul 
and ameniouB sulphide deposit further on. 300',000 tons of pyrites would also produce, in addition 
to about 72.000 tona of crude sulphur, about 120,000 tons of sulphurous acid. 

The oementstioa procoBa is at present employed in Bpain. by whiohj about B9 per cent, of the 
oopper from pyrites ia obtained, about 65 per cent, by lixiviation in the tazdm, and ZO per cent. 
afterwards from the resulting residue, the remaining IS per cent, of the copper being practicallj 
loat The sulphur paasee into the air as aulphurons acid cauaing great damage to property, heeldea 
the entire loss of the snlphor. This process U only employed for treating the pooler ore rused tttaa 
the pyrites minea, and is euried on m their vicinity. It ia divided into three principal openttioiUi 



Mldnatlon, liiiTutbni, and pnelpibitlon, and waa flnt introduced hi ths Bio Tinlo mioea by 
De QMoiaa^ in 1061. On ths whole, it U verj saitable for the tieatmait of tho potwer pyiitea ores 
for aomwr. It doee not TeqnirB mnoh skill on the put of the labonier, noi doee it iQVOlTe the me 



of mj Tcoy oottl; nsteritb or complicated appliancee. The ooBt when the prooeca is inteUigently 
caniod out, u modenle. These, donbtlees, are no alight Bdvanlsgeii, bat the prooess has many 
diaadvantagea, eepeciBUy when large qnantitiee requiie to be dealt with. It aeloom bappeui that 



an ample aapply oT water can be obtained fiom aof Booroe. and, in oonaeqnenoe, tbe works are often 
■topped, whoUy or in part, for wreral months yearly. When lain blls it nsiiallj oome* in large 
qnaotitiea. During tneee periods tbe drainage fMn the calcination ground, waste heaps, aod 



mineral atock he^w, b highly impregnated irith copper, and is so great that it cannot be orerlakeii 
in the precipitating tanki, bo tbat much copper is lost. The flute fWim the cdoinatioD of such 
large qoantitieaid pyrites impregcalcs tbeairformitesaronnd, and completely destroys all vegeta- 
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tion within ite inflaence. The works at all times are more or less affected, and the Buspension of 
some part o£ the prooees takes place with more or less frequency. Only the copper in the ore is 
aTailaole, the iron, galphor, gold and silver, which form about 98 per cent of the mineral, is either 
lost altogether, or, at least, rendered useless for any practical purpose. 

The process being suitable only for the poorer ores, cannot be adTantageously applied to richer 
ores, containing from three to four per cent of copper and upwards. Gtovemment and local autho- 
rities are averse to the extension of the process to districts wnere it is not now in use, on account of 
the evils arising from the fumes and the pollution of streams, so that its use in Spain is restricted 
to situations where it is already established. Jn Portugal it is prohibited altogether. The works 
are scattered over a large area, and the entire method embraces many sepcurate operations, from the 
time the crude ore enters the calcination ground to the exit of the finished product. During the whole 
of this time, about twelve months, it is subject to many influences which sensibly tell as a loss on the 
narrow mai^gin there is for working upon. Bain, leakage, imperfect calcination, lixiviation, and 
precipitation considerably affect the working oosts, and necessl&te on the part of those in charge 
continued watchfulness and vigilance. A slight neglect to either of these details may make all the 
difference between a profit and a loss on the operation. The apparent simplicity of tlie whole 
seems to have a wonderfully fascinating influence on such as come in contact with it for the first 
time, or who have onlv an indirect connection with its working. The conditions favourable for 
obtahiing the best results can by no means be secured at pleasure, by simply adopting certain fixed 
rules and practices ; conditions incident to the system prevent the adoption of fix^ mechanical 
routine. Anything which would shorten the process, reduce the number of operations, and the area 
occupied, would be a great step in advance, and the importance of this subject may be estimated 
from the fact that one and a half to two million tons of pyrites are raised annually by the Rio Tinto 
Company, the Tharsis Company, and the firm of Mason and Barry. In South America, Cuba, 
Austadia, Cape of Qood Hope, and in many other places, there are laree quantities of ixwr copper 
ore containing 5 per cent, and upwards of copper, which are thrown aside as imsuitable for smelting 
on account of the cost of fuel, and from which uie copper is only partially extracted by the cementation 
prooess. 

By Hollway's prooess the whole of the oxygen of the air, driven into a thin stratum of proto- 
BulpMde of iron, FeS, is utilized for oxidation. The heat evolved in the rapid oxidation of sulphides 
and without the use of extraneous fuel oUier than that employed in producing the blast, expels 
about one-half of the sulphur contfldned in iron pyrites, FeS^ in the free state. The remainder of 
the sulphur, excepting that left with the regulus, is principally evolved as sulphurous acid. 
Although only about 20 per cent of sulphur is oxidized, the proportion of sulphurous acid to 
nitrogen by this process is 14*9 per cent, which is a larger proportion of sulphurous acid than is 
obtained by copper smelters who manufieicture sulphuric add. In the ordinary method of burning 
pyrites, where 45 per cent, of sulphur is oxidized, the ratio of sulphurous acid to nitroeen is only 
16 per cent The volatile metallic sulphides, such as arsenic sulphide and lead sulphide, are 
distilled off with the sulphur. Iron being more oxidizable than copper, silver, gold, mdcel, and 
certain other metals, these latter will be all concentrated in the regulus, provided an excess of 
sulphide of iron is always present The protoxide of iron thus formed is converted into slag by the 
addition of the silica introduced with the pjrrites. The more perfect fusion of the slsg thus obtained 
prevents loss of copper by entanglement with imperfectly fxued inateriaL About 16 to 20 percent 
of incombustible material, having a specific heat of '15 to *25, can be added to a ton of pyrites 
when a cold blast is employed, assuming that 1000^ C. is the temperature for the operation. The 
quantity of similar incombustible material can be increased to from 80 to 34 owt. to each ton of 
pyrites operated on, when a hot blast of 500° C. is employed, assuming that 1000° C. is the 
temperature necessary for the operation. Such incombustible material may contain larger or 
smaller quantities of valuable metals, as oxides, which will p&sa into the regulus or be volatilized as 
sulphides, after double deoomposition with protosulphide of iron present in the molten bath. Thus, 
silicates of nickel or copper would be converted into sulphide oi niokel or copper, and be concen- 
trated in the regulus. When employing a siliceous lining for the furnace, the corrosive aotian of 
the protoxide of iron formed is greatly mitigated, if not practically avoided, by the addition of 
sufficient silica with the charge of pyrites to produce a slag containing more silica than \b required 
by the formula 2 (MO) SiO„ M representing an atom of divalent metal. The quantity of coal neoea- 
sary to produce the blast, calculated on the oxygen requisite for the oxidation which takes place, 
is l\ cwt. a ton of pyrites. To heat the blast to 500° C. an additional amount of less than 1 owt. of 
ooal a ton of pyrites is sufficient 
DOCKS. 

For the pun)ose of affording access to the inmiersed parts of vessels, there can be little doubt 
that, in the early periods of navigation, the vessels were either hauled up on the beach for examini^ 
tion, in the absence of rise and fall of tide, or, where there was a consioerable rise and fall of tide, 
the vessel was placed over a fiat beach at high water, and allowed to ground as the tide feXL 
Although the latter plan is easy of application, and useful to a certain extent even for large vessels, 
where tnere is a considerable rise and fall of tide, the former mode must have been difficult to carry 
out except with very small vessels, and therefore it is probable that the plan of careening was 
resorted to as soon as vessels were built of any considerable size. 

This plan, more properly called heaving down, was carried out in two ways; either by bringing 
the ship near a quay wall provided with mooring rings and capstan, and attaching ropes to the 
heads of the masts, so as to haul the ship over into a horizontal position on the water ; or by 
putting the heaving down tackle on board another vessel, so that the operation could be performed 
independently of the land. This second plan had the advantage of being also independent of the 
rise and fedl of the tide, which in the other method of oourse a&cted the position of the ship under 
repair. 

The plan of careening seems to have been extensively practised in the naval arsenals of Fnooe 



kt >n early dat«. Whethsi done bj tackle from the land or trom a veMel afloat, the operation «m 
of coarsa aidod b; the Temoral of the ballast and hear; weighta, ao as to lighten the ahip. Br 
the mete Bhifting of the weiglita, and withont the auutance of tackle, a large amount of the (hip's 



9 oonld M exposed ; bat thia plan was of neceasit; attended with oDnnderable danger of 
fonndering, aa eiemplifled in the fate of the 'Rojal George,' which fonndered at Bpithead in 
Angnat 1TS2, with upwards of GOO persona on board, whilst being careened. Careening ia also stated 
to have been the cause of permanent distortitm in the shape of Taasela, from the espoMil side being 
strained to an nnnataral degree of oonveiitj prior to tlie driving in of the caulking, which then 
kept the vessel to the distorted figure it had aaanmed. 

The next mode is the ordinary graving dij dock, whirh even at the present day is the plan moat 
oomnxmly employed in Earope, and will probably oontinne to be preferreil in places where there ia 
a large nae and tall of tide, and where the groimd is snitablo for excavation. In many piirts of 
the world the riae and fall of the tide are snffldent to admit of a verv large vessel being drawn into 
a dook at high water, so as to be brought over the keel blocks, on which it then settles down as the 
tide Kcedes, and at low water the do<i ia left dry and the veael exposed for repairs ; the sluieei 
being then closed eielade the water, so that the sncceeding tides cause no interruption to the work. 
But in BJtnatiaiiB like the shores of the Mediterranean and in other places where the tide is but 
amall, the water has to be got oat of the dock bj pumping, which before the days of steam power 
iraa found both an expensive and a tedious process, causinx; great delay before the vessel eonid be 
reached even for slight repairs or merely for inspection. To make the operation more eipedtllona, 
largo chambers have in some Insbinoea been provided, below the level of the dock, sufficiently 
capacious to receive from Ihe dock the whale or the greater part of the water contained in it, which 
eoald aRervarda be pumped ont of them at leisure. This plan gave the advantage of speed in 
emptying the dock, but it added largely to the first cost, and moreover caused the laboar of pump- 
ing to be increaaed, owing to the greater depth from which the wnter had to be drawn ; nevertlielesa 
these efaamberv were in nse at Toolon and also at Fortamoulh, □otwithstaudiog that at the latter 
port there is a rise and fall of about 10 ft. at ordinary apring tidee. 

Where there wai a lofty ahore and a snpply of water from a high level, it has several timea been 
pn^MMed, and amongst othen by Belidor. to make dry docks as shown in Fig. 961, where A repre- 
MOta the ordinaiy sea level, and Ba low-level dock opening into a basin to oonnection with the sea. 



level A. If a ship be floated Into the lower dock B and the gates be then shut, and if water IV 

high level E be allowed to flow into B and D, the water will continue to rise and the ship will be 
lifted until its keel is bish enough to pass over the blocks on the floor of the upper dock D, wbffll It 
can be hauled into that doi^ and the slnioe of the lower dock 6 opened so aa to allow the water to 
CKspe into the sea. leaving the ship seourely berthed in the raised dock. 

M aome few favourable sitoatians graving docks are comparatively simple to constract and main* 
lain, namely, is mKh sitnations as BiAenhead, where the docks are hewn out of the aolld rock, 
which while it ia BufflcJenlW hard and homogeneous to support the heavy weights, is sufBciently 
soft 1(1 be readily worked, u these oases there ars none of the dan^era to be apprehended of rattle- 
tueut or of blowiog up the bottom, that exist where the dock is built in an excavation made in ths 
earth, which ie frequently of an extremely treacherous character at river sides. As r^;ards the 
mode of closing the entrance to dry docks, this has been effected either by gates to open sideways 
like those of a lock, or to bll upon the bed of the river, or by caissons. The latter, now that the 
introdootioD of iron for ship-building porposea has admitted of their being made of that material, 
are almost universally adopted for Wge docks, and have the advantage of affording the means of 
retaining vater inside the dock as well as of keeping it ont, which is of oonsidetable importance for 
allowing time enougli to adjust the ship properly before it settles down on the keel blocks. Among 
the largest graving docks may be mentioned the double dock at Brest, 721 ft. long and 92 ft, wide, 
with 33 IV depth of water over the silt ; and the double dock at Portamouth, which is 636 ft. long, 
88 n. wide, and 27 ft deep over the sill ; and one of the largest single doclu is that at Devonport, 
which is 415 ft. long, 78 fL wide, and 32 fL deep over the sill. 
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teem to baTe bewi onlj brought ovei ui ordinBr; building Blip, and then hauled np on the waja, 
being ateeilied b; a Bort of sliding oradle. 

A gpeciul oonBtniction of carriage for Ihia porpose yiaa inrented in 1818 bj Morton of Leitb, 
Figs. 962, 963. An inclined glip-wa; A ia formed on a slope of about one in tweotv, and prorided 
wiu roils on vhich travels the wheeled oarriage B, the railway extended snMcieDtljbeloiv tha water 
to admit of the ehip being Boetod over the carriage. Bf then haoling up tbe oarriage bj the chain* 
and capstan gear O, tbe ship, being attached to the chain, ia drawn ap oat of the water and above 
the ionnenee of the highest tide, and ia blocked up upon tbe floor of the slip from heeling orer 
while in the aot of being hanled up ; the carriage is provided with bilge blacks D aliduig on 




Umben transTone to the slip. As the sbm sellles down on the keel blocks and before ahe ia 
removed from the water, tbese bilge blocks D are hauled in until the; support tbe bilges, the bant- 
ing being done b; ropes led up to tbe deck of the ship. This appears to have been the flrat tise of 
goper bilge-block Bhorea which coold be applied while the vessel was still afloat ; and F. J. 
ramwell state* in his papera, "Trans. Ins. M. E., 1S61,' from which we have token mncb of the 
information in this article, thnt enoh a mode of sustaining vessels at the bilges before the water 
support ia taken awaj ia of tbe greateet ntilitf , on account of its importance in preventing nndoe 
atiaining or riek of heeling otcf. In ordinary graving docks, it is true, bilge shores are used ; 
but they are not applied nntU the water has been removed bom tbe dock, and therefore not ontil 
after the ship has been subjected to the strains arising from the weight of her oontouts withoat her 
natural water support. 

Morton's slips were at first intended only for small vessels, but they have been oonBtmcted fol 
ships of 2000 to 3000 tons burden. With small vessels littlo difficulty was eipenenoed in bnilding 
the slipe, eepeciall;r whore there was a considerable rise and fall of tide, because the lower part a 
the slip ooald bo cooatrucCed at low water; but when the longer modem vessels were required to ba 
taken up, the length of the slipway below the water became very great, as a elope of one in twenty 
lequirea the length of slip below water to be twenty tunes the draft of tbe vessel, merely to reach h^ 
stWD, and tbe slip must then be carried still farther to extend under tbe length of the veveL Aa 
this poitioD had to be oonstruated by the aid oi divers, and its execution was attended with aerions 
difficulty, it baa been proposed to shorten the slip in the three ways combined in Fig. OU, Tbe first 



plan is to make the slip of a curved form, giving a sleeper slope to the upper poriialij of the slip, so 
that the length below the water line is not so groat as if the slope had been oontinoed oniform up 
from tbe bottom end ; tbe second mode, JQlendod for places where there is a rise and Ihll of the tide, 
is to enclose the nppor part of tbe slip within water-light walla and to employ gates for shuttiiig 
out the water, and the third pton is a leleaoopie constructicti of the cradle on which Uke sbipiS 
lifted. 

In Fig. 9Gt the ship ia partially raised, and with all the lengths of the lelesoopio cradle Ibllj 
drawn onk A A represents tbeaur&tceof the slip made toacnrve; E the gates, plaoed just below 
where the vessel will be when fully hauled Dp ; B the telescopic cradle, oompoeed of lengths 
attached to each other by rods P, so that when it is lowered it may rest at the bottom of the dip 
oollapsed to about one-half its full length. As socn as the stem of the vesae! takes its beaiitig on 
the first section of the oradle and the hauling commences, this first section is dmvn out thnn the 
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•Moud lotbeftill extent of lt« eonpliuK rods, and theteeoiid it then dtaim oat trom the third, and 
•0 on ; the rasnlt beiDR that the Tensl la aecuiel; taken up on a cradle requiring no greater length 
of (lina; below the snip than half of the length of the ahip. B; these Turiooa oontrivancea the 
length of the ilip has been oonsidenU; ahortened from what it would haie been if oooitnicted on 
the original qratem nnaltered ; bnt as regards the dock-gates and the water-Ut;ht lide walls, it mav 
not nn&ul7 be Mid that their nae is inoaosiiteDt with the emploTment of a simple slip, nor indeed 
oonid tbej be resorted to in a tldelea sea, wiUioqt the expense of pmnping apparatos to emptj the 
npper part of the slip. 

The application of this slip to vewelt of a larger cIbm tendered some ImpTarement neoeaaarr in 
the simple baoling chain that had mfflced fbr shipa of 200 tons. A set of traction rods was Brat 
anbatitated (or the body of the ohalti, and was baoled in by a short flat-linked chain working orer a 
pitched wheel driien bj gearing. The end of this flat chain was Qnt attached to the foremost rod, 
and then banled in until the second rod was brought np to the place of the flrst. when the flat chain 
was orerhaoled and made fast to the second rod ; and this operation was repeated with the snooes- 
•i(e tiaetMi rods nntil the abip was full]' drawn np. A fnrther improvement consisted in making 
the flat-linked chain endleeSiBO as tosioid theneoeailjof oTerhaulingiL For aome time past, how- 
ever, the larger alipe that hare been erected have been worked br the direct application of hrdianlio 
nuns to the ends ot the traction rods ; and among other plans double preasea have been employed, 
made lo work alternately, ao that the hanlicg np might be nearly oontinnono. 

An important a4iD0ct to the alip ia an arrangement of transrerae line* of r^la In the balldiQg 
yard, at the npper end of the slip, so that, by the use erf carriagea, the Teasels hanled up can be shifted 
ridewaja, theretqr enabling a aingle tlip to aerre for hanling np several Tsasela in soocestion, ao that 
their repairs may be going on at the same time. 

The limnle plan already mentioned of placing a ship on a beach at high water, that it maybe 
left dt7 at tno ebb, ia still in use where there is a oonaiderable rise and fall of tide ; and to enatde it 
to be carried ont without risk of naeqnal support to the ship, a regular open framing of beams ia made 
on the beach, called a gridiron, bymeanaof wbioh Teasels can be blocked up, and properly eiamined 
and repaired at low water. There is the objection, of oonne, that at the rise of each tide the work 
has to be aoapended ; but neveilbelees the aystem ia so simple and inexpensive, and tha veaseU are 
•o readily got oS and on, that it oontionee to be employed. 

In the plaiu preTioosIy referred to tor lifting vesseU ont of the water, the veaseli have been 
hanled np on an incline : and in the clan of Direct Lifto, the earliest ia thnt of Alexander Ifitohell, 
who in lS33propiMed toRtiaeTetaelaontofthe water by the mean* in Fig. 969. Two parallel rowa 



of piling A A are nlaced snIOciently wide apart to admit the vessel between them, and B B repre- 
senU a permanently buoyant floor, made of light materials or of caiseona. On the ebb of the tide 
this Boor sinka between the piles, and at low water pins C ore fixed in the piles above the floor- 
ing. When the tide next risee the floor is held down by the pins, and at high water the vessel ia 
brought over the floor and allowed to settle down on it. being maintained in an nprigbt position by 
•horea fram the pilea. At the next ebb the ship is duly propped up by bilge shores from the floor ; 
And the aide shoiea being then removed and the holding down pics withdrawn, the flooring is lifted 
by the next rising of the tide, taking op the ship vrith it, which rises and falls with the buoyant 
flooring at each tide until the repair is completed, when the flooring is again held dovrn for the 
Teasel to be floated off at the next high tide. This plan ia evidently not auitablefor caaee requiring 
rapid acoeaa, as it needs at least three low and three high tides for enabling a veaael to he got on 

Id IS27 a acrew lift was constructed in America for raising Veesela independent of the tide, 
Fig. 96A. Itoonaiatedof a platform Aon which the vessel was to be lifted, the ends B of the trans- 
timbera of the phitform being steadied bv two parallel rowa of piles C 0, placed far enough 



i^art to admit the vesael between them. Tho longitudinal timbera which connected .... 

the piles carried a number of vertical screws, as manya8forty.aix having been used in one instance, 
the lower ends of which were connected to tbe transverse timbers of the platform, ao oa to raise the 
vessel out of the water. Binm 1836, however, Diis lift bos been worked by means of bydrantio 

Sreeaes. Fig. 961 is of the arrangement at work at New York in 18S3. Chaiua, shown by the 
otied linea, are attached to the ends of the transverse bearers B B of tixe platRvm, and pass over 



pnllejB 
for Uftii 



. to the long traction ban D, the kbdendaof vhioh aie oonneoted to the hjdnalic pienesB 
Uftiag tlie pl&tfonn ^ilh the ahifi upon It. 
Iq 1842, an improveineut Di.aD the (orew lifting dock wu propoaed b; Robert Hallet, Figs. 068, 



OGO. The framework B on which the ship is to be raiaed is carried on a nomber of Hnpporta C, 
hinged at their tower ends to eyce D, supported on the rock or on piles, and at their upper enda tn the 
trame B, foimiiig a sort of puallel ruler motion. The aliugs B attached to the top or the Bnpports O 



are provitleil at their npper ends with rollers, which nm within a tabular rail F having a oontinnotu 
alot OD iti under aide, as abown to a larger scale iu the eeotiou Fig. 9B9 ; and the Blioga are hauled 
in b; the chains O, worked b; powerful etctuu winijiefl. The frame B being lowered and the ship 



dra«r i over it, tlie chaiua nre then hauled in, so n« to pull the slings horizon tall;, thereby nusing 

Uie framing until the ship is liftoil out of the water. Tbia arrangemeat has the adTantage of 

giving a nearly DDiform stnin on the chains and machinery throughout ^^ 

the lifting of the vessel, inaemuoh aa at the commenoeincat, when the 

Bupports ore nearly hotliontai and carry but little of tlie weiglit, the alings 

are verticsl and the weight of the ship ib almost entirely carded by the 

water : while by the time the slrip baa lost the support of the water and the 

elings have beoome inclined, tlio supports have aBsumed a position more 

nearly upright, and therefore, although the whole weiKht of Ibe aliip hns 

DOW to be borne by the lift, the proportionate strain coming oa the uioins 
is hut small. 

In the lift designed by Bcott, Fig. 970, the ends B B of the cross 
timbers of the plutform A, were attached to slings depending from the 

cTossheads of a number of vertical hydraulic presses C C, the stroke of the gireMCB being equal to 
the lift of tlie vessel. II was intended either to repair tbe vessel on the idnlfurm, or to move it dt 



The (hip lift of Edwin CImIc, at (be Tiebirm Doob, Lcmdao, has alidad; been dewnbed tt 
p. 1265 or ttiia Dictionarj. . 

It will be obteneil that in doekiug a (liip b; thii prooe^ the whole weight of the pantoon bM 
to be lifted; that tbe abip baa to be taiwd aboro tba •wlaee o( (be watec to a height equl to tlie 



depth of the pontoon ; and that the depth of water reqnired over the top of the brdraallo lift 
pmen le at leut tLe depth of the pontoon, in addition to (he dranght of the ship, with a emaU 
allowsnee for cleaianoe. 

In consaqnenoe of the inoieaaed weight, length, and dranght of ahipe at the pteaeni daj. It 
became^Eceanr; to modify to some extent Clark ■ ijstem of docking, so as to adapt more fallj the 
appliaDoes hitherto in ose to present reqniiementa io ttieae three principal reapecta. To attain tbia 
object tbe floatint; dock. Figs. 971 and B72, was oonrtmcted b; D. Halpin, aoaisted bj Charlea 
Elwin, and to Che latter gentleman's paper io the 'Trans. Inst. H. £.'we are indebted for the 
following porticnlara of this work. 

The floating dock Piga. 971 and 972 oonsists of two longitudinal box girder^ fonning the aide 
walla of the dock, and connected together by eighty cross girdera, the flanges of these being con- 



nected bj plates to form the bottom sldn. One end, called Ihe forward eod of the dock. Is dosed 
in penosnently to the level of the top of the aide girders; the other or after end is provided with 
a pair of wroaght-iron hinged gates, of the same height, to allow ships to pass in or oat In the 
centre line of the dock, and between the cross girders, are short girders running longitudinally, and 
of the nine depth as the croes girders. On tlie centre line of the duck, and on tlie top flange of each 



moss girder, is placed a timber keel block ; and on the tops of the cross girders, at intervals as 
required, are placed timber beaiere for carrying the bilge blocks. These last are monnted on sliding 
oarriagea. Tue box girdeia are divided into compartments, those in the centre of the dock being 
permanent air ohambers ; while (he end campsjtinen(B, which are fllled when Ibe do^ is submerged. 
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■re naed, when required, aa v&ter-ballagt chamberB, the unoimt ol w»ter retained In eadi oIuiiidiit 
bemg r^itilatod by a frin. slaice valve worked (rom the top. In oomporimenta oT the aide-box 
girdera, at the forward or oloeed end of the dock, two enginaa with oentrifagal pnmpa are plaoed, 
one on each aids, for pnmping the watei from the intoiiorofthadoolt. Thesuotion pipea from theaa 
pnmpa are of wrought iron, and mo earned along inaide the boi girders aa far aa the centre of the 
dock, where tfaey are brooght out with oaat-iron bends and bell months, fiitending down between 
*lf "^^£^1 "■ . "^^'^ *" "" boUera on the dock, but the Bt«am for the engiQea ia oonveyed 
j° 1. bouera of the hydraulio-lift pumping engine by copper pipes aa far as the timbtr plattonn, 
and than by a fteiible steam hoae, or swiTel-jointed copper pipe, to copper pipee fixed on the dock 
and oommnnicating with the engines. Entrance to the ohambers whare these engines and pumu 
are pkoad u effected by means of a wrooght-iron trunk, the top of which ia high enough to be 
abOTe the water level when the dock is snbmerged. For letting the water into &e interior of the 
dock there are two sluice valves of 30 in. diameter, placed in the boi girders about the centre of the 
length of the dock, one on each aide. These sluioe vnlvee are worked by vertioal roda paasing 
through the lops of the boi girders. On the top of the boi girders are plaoed at intervals aeveral 
pairs of wrought-iron bollards, riveted to the top flange, for the purposes of mooring the dock or 
warping il across the baain. Ladders for passing down from the top flanges of the boi-girdera to 
tb» interior of the dock are provided at iDlervals. and those which are liable to be damaged by a 
Mip pauing into or oat of the dock, are made to detach and foil beck close to the boi girders. Fra 
the porpoae of lifting propeUers or other heavy weights over the boi girder, in order to remove 
th^ to the Bhopa, a 20-ton cnue is provided, and fixed in the poriruda boi girder near to the 

The genenl dimembai of the dock ue aa fbllowe:— 

Displaoement width of dock 58 10 

Clear inside „ „ 47 6 

Length of cross girdera , . 48 2 

Depth „ „ 2 6 

Distance apart „ 5 

Depth from top of keel blocks to onder side ofbearera beneath dock ..8 8 

liength over all on centre line 409 6 

Length inaida „ „ 406 

length of main or aide bra girdera 400 

ESPS " .. n 15 

Width „ „ „ 6 

' Width of dock over all 59 6 

The process by which shipa are lifted on the dock is a combinatioD of the hrdraDlic lift and of 
^e fioatiiig dock, and is as follows. Figs. 971, 972 ;— The dock having been broaghl in between 
the oolnmns of the hydraulic lift, and flied accurately iu the required position, the lift girdeia 
are raised by the rams till they take sufficient bearing on the dock to prevent it from ahifling. The 
two 30-in. slaice valvea are opened, and water flows into the dock till it is level inside and out. The 
gates are then partly opened, and, the lift girders being gradually lowered, thedock descends till the 
vrater level is nearly up to the tops of the itide girders, when the galea are opened right back, and 
the dock sank either to the bottom of the lift pit, or kw enough to give the req aired depth of water 
over the keel blocks. The ship to be docked is brought in over the dock, and the gatfs are closed. 
The dock is raised by the bydmnlio lift till the keel blocks touoh the ship, and raise it 6 to 12 in. ; 
the bilge blocks are then drawn in by obains, and the lifting U continued till the tops of the 
aide girders, gates, and closed end are about 12 in. out of the water. After this the gates are abut 
tight, the SO-in. BloJoe valves are closed, the steam connectioo ia made with the pumping engines, 
and the docking or raisins of the eliip is completed 

bj pumping the water from the interior of the *"■ 

dock, the hydraulic lift girders merely following 
np the dock, and keeping it in control. When the 
operationof pumping haslieen completed, the steam 
hoee, or copper pipe, is disconnected, the hvdraulio 
lift girders are lowered to the bottom, and the dock, 
with ita ship upon it, is warped acroas the basin to 
its berth in the deepened bay B, Pig, 973. When 
all repairs or pointing required to be done to the 
ship are completed, the dock is warped back 
agam to the lift, and carefully fixed in poaition : 
over the lift girders. These are then railed till ' 
they take a small portion of the weight of the 
dock and ship. The slaioa valvee are opened, and 
the water allowed to flow into the docA, which is 
lowered aa it filla. When the water outside is 
nearly to the topa of the side girders, the loweriog 

»»^P«» to allow tlie^oter maide to rise to the same level aa outside. The gates are then 
opened, and the do^ is further lowered till it is clear of the ship which is then hauled oat into the 
Victoria Uooks The doclang and undooking of the ship, having now been oomplet^ the dook i« 
raised on the lift girdMs, the water flowiag out from the gales and sluioe valves. When sufficient 
water has been drained out, the sltiice valves ore shut and the gates closed ; and the lift girden 
. '?*CS1 '•"'™*,'''« dock is left aBoot ready to be prepared for another ship, or to be r^ved 
to Its berth so aa to leave the lift free for other opeiaUim 
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The Ikwtlog dock u thni deaoribed, meeta its ttine prindptd raqnlnmrata In the followIiiK 
naaner ; — It cnftblet the hjdmnUo lift to nise ibipB or iocreued weigbt, by rapplameDtliiK it with 
the haajiiej akued by pamping ont the wiLter from Ibe interior of the ddok, tha weight of tho 
ktler betD^ klmort entirely Bentnliwd by tbe booyatioy oF ib sir chamberi. It easble* tbe 
hydntnlic bft to take ihlpe of increased length, by mesTiii of its projections at eaob end beyond tbe 



thn* Dot requritiK under the keel any greater depth than la jost aofflriBnt for tbe tntneverse girder*. 
In order to determine what itrengtb the itroctare would teqoire, umple Bhip« embodying 
extreme eaaes were taken for the caloalatioas. Coniiderabie difficulty being eipericncsd in ucer- 
taining tbe loDgitodinal diitribntion of woeht in the shipa, and also tbe diatribution acoording to 
which thia weight wotdd be oonTeyed to the floating dtick, it wm determined to aunme, for one 




Mt of oalenlation(,that the wef ^t of the ihip a foot run, at any part of it* length, was proportionBl 
to its diaplaeement at that part and that tbe abip being perfectly flexible had no power of other- 
wine distribnting ita load. Other diatribntiont of load were also eaaumed, *o aa to cover ail poa- 
■ibleoaaaa. 

With a view to enable tbe dock to take comparatirely ihort aa well aa long ibipa, or to take 
ahipa haTing an nnoaiudly great proportion of tbeir weight amidabjpe, and to giTe a anpport to 
"' " IB coinciding aa nearly aa poeaible with the diaplaeement at each section, poitioua of the 



and, with the si 



^i t .1L-, 



bom the bottom to the top flangea of the croea 
girders, thos diminishing the end displacement ; 
*"' " le object in view, the end oom- 

rt» m^A^trm >*A^ whou necenarT, 
D 14 to 19 ft. hi 
depth. The intermediate box girder chamber* 
•re, aa already stated, permanent air cbambera, 
which relioTe the hydraulic lift of nearly the 
whole weight of tbe dock- 
In consequence of the level of water over tbe 
hydraulic lift being at times so low aa to leave a 
veiT small margin beyond tie draoght of sbipe 
to be docked, it was of tho utmost importance 
that the dOH girders abould bo made of the least 
depth poeaible oonsietent with etrungth and stiff- 
neat. The web C, Figs. 976, 977, ia 2 ft. 51 in. deep 
by I In. thirk, consisting of three plates 11 ft. long, 
and two plates 7 ft. 7 in. long. atUTened with vertical X iroiu 6 in. x Sin. X f In. The web is 
united to the flanges by L irona 4 in. x 4 in. x -I in. AH riveta in the weba ate } in. diameter, and 
i in. pitch, the same pitch being maintained in both top and bottom |_ iron from end to end of the 
ctCM gilder. The top flange is 24 in. wide x 2jt in. thick at tbe centre, reduced to f in. thick at 
tbe ends. The bottom flange consists at the centre of two } in. and one i in, plate, all 24 in. wide ; 
and one )-1q. plate 3S| in. wide, upon the projecting edges of vblch are lapped and riveted j-iu. 
platea D D, connecting the flangea of tbe girders, and forming with them tha flooring or bottom 
akin of the dock. Theae flooring plates, whioh form part of the bottom flanges of the croaa girdersi 
are stillbned with bulb (, iron girders 5 in. x 3} in. x -fg in., weighing 10 lb. a ft. mn, and placed 
2 ft apart centre to centre, at right angle* to the cross girders, oa shown at E E, Fig. 974. The 
rivets in top ttud bottom fiaogta of the croaa giidera are t In. diameler and 4 in. pitoh. The rivets 
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oooneotiiig ihe flooriiig plates to the flange plates aie | in. diameter and 8 in.pitQli. These pitehea 
are maintained from ena to end of the oross giidera. 

At 105 ft. from the centre of the dock towards each end, the flooring plate D ioining the flanges 
of the cross girders is removed from the bottom to the top flanges, excepting for a oistance of 8 ft. 4 in. 
on each side of the longitudinal centre line of the dock; thus raising the water-tight skin of the 
doek at the sides of we flooring, but leaving a longitudinal trough in the centre, which is 
sufficiently wide to give access to the reduced section of the ships at this distance from ftmiriffi^jp^ 
The longitudinal bulkheads F forming the sides of this trough, and the am^ngement of the plates 
in the tm> and bottom flanges of the cross girders are shown in the transverse sections of the dock. 
Figs. 974, 975. 

At 150 ft. from the centre of the dock towards each end, where the ship is still smaller in 
section, the longitudinal trough above mentioned is made still narrower, or only 4 ft. 4 in. on each 
side of the centre line, as indicated at G, Fig. 978. The generel construction of the cross girden 
here is similar to that already described, but the thickness of plating in the flanges is less. 

On the bed line of the dock are short longitudinal girders H H, Figs. 974 to 976, fltting in 

919. 




between the cross girders. These ffirders materially stiffen the cross girders at the part where the 
load of the ship has to be supported. They also equalize to some extent any unequal loading that 
may occur, although, being discontinuous, they do not possess any great longitudinal strength. 
They have web plates 2 ft. 4} in. deep x | in. thick, united by 3^ in. x &^ in. X iV ™* L ixona 
to a top flange 16 in. wide x \ in. thick, and to the flooring plates D at the bottom. They are 
also stiffened with two vertical 6 in. x 8 in. x ) in. X irons, one on each side. On the top mmge 
of each cross girder at either end is a gusset K, Figs. 974, 975, and 978, 8 ft high x 8 ft 8 in. 
broad at the bottom, formed of a iV^^* ph^te stiffened at the outside edge with an L. iion 3 in. x 
S in. X I in., and round the back with an L. i'on S| in. x 8| in. x -j^ in., riveted through to the 
frame inside the main girder M. This gusset stiffens and strengthens the connection of the eroes 
to the main gpbrders. The ends of the cross girders are also connected to the main girders by a con* 
tinuous longitudinal L. iron, riveted to the webs of the main girders and to the top flange of each 
cross girder where the I iron crosses it The vertical L irons at the ends of the cross-gp&der webs 
are also riveted through the main-girder webs to the frames inside the latter, Fig. 974. The 
end plates in the bottom flanges of the oross girders lap over, and are riveted on the top of the 
uppermost plate in the bottom flange of the main girder, this plate being made to project beyond 
the others for the purpose. The main girden are stiffened with a transverse frame on the oentre 
line of each cross eirder. 

The main girder web plates MM, Figs. 974, 975, 978, are 15 ft long x f in. thick, standing 
▼ertically, and have a width of 2 ft 10) in., and 2 ft 6} in. alternately ; their vertical joints are 
lap joints, and not butted according to the usual custom. The rivets used in the laps are { in. 
diameter, and 3 in. pitch. In the four air compartments in each girder, extending from the centre 
to 120 ft. towards each end, the web plates are stiffened with vertical bulb I irons 5 in. x 3^ in. 
X -Ag in., weighing 10 lb. a foot run, placed inside, and stayed across from web to web at intervals 
by light horizontsi X irons. In the other compartments of the girders which are used as water- 
ballast tanks, the plates are stiffened with horizontal bulb 1. irons, of the same section as above, placed 
inside in 5 ft. lengths, and having their abutments at the transverse frames. The reason why the 
air and ballast chambers are differently stiffened is that the air chambers, when submerged, have 
a considerebly greater pressure to bear than is ever brought upon the ballast chambers, and must 
oonsequently be made stronger. The transverse bulkheads across the air and ballast ohambera are. 
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BtiiTeTied in a similar maoiier with horiaontal bulb L. irons. The webs of the main guilders axe 
riveted to the flanges by double L irons, 4 in. x 4 in. x } in., riveted with 1 in. rivets. The spaoe 
between these L irons ii | in., so as to allow room for the lap of the two |-in. web plates without 
having their earners thinned ; {-in. liners are inserted between the laps, to make up a uniform 
thickness. 

The flanges of the main girders, whioh are 400 ft. long, are of great width and thickness, to 
give longitudinal strength to the dook ; the arrsngement of the plates is shown. Figs. 979, 9iB0. 
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The bottom flange at the centre. Fig. 980, is composed of four layers of {-in. plates, and 
two layers d ^inoh plates. The width of the uppermost layer, or that next the ^ irons, is 
6 ft 5| in., made up of one plate 3 ft. 4 in. wide, and one plate 8 ft. 1} in. wide. All the 
other layers are 6 ft wide, made up of one plate 3 ft. 4 in. wide, and one plate 2 ft 8 in. 
wide, the wide and narrow plates being placed alternately on opposite sides, so as to break joiut 
The extra 5| in. in the width of the uppermost layer is to form the projecti^ lip upon which the 
end plates of the bottom flanges of the cross girders are riveted. Fig. 974. The top flange at the 
centre. Fig. 979, is composed of five layers of { in plates, each layer being 6 ft. wide, and arranged 
in a similar manner to those in the bottom flange. Both top and bottom flanges are reduced at 
the ends to one plate of | in. thickness, excepting the top flanges at the gate end, which are reduced 
to two plates of f in. thickness. All plates, excepting those at the ends of the layers, are 10 ft 
long, and the rivets, which are 1 in. diametcor, have a continuous pitch of 4 in., maintained for the 
whole length of 400 ft. The rivets in the projecting edge of the bottom flange, for connection to 
the cross g^ers, are { in. diameter, and 3 in. pitch for the centre 210 ft.; beyond this length the 
cross-girder flooring is raised, as in Fig. 974, and the riveting, which iiB not continuous, is done 
with rivets 1 in. diameter. 

The dosed end of the dock is formed of a single skin of plates, 15ft. long, set vertically, with 
their joints lapped. This plating is supported bv six strong vertical gussets, 12 ft 6 in. high, and 
5 ft. broad at tne bottom. There is no internal 
goaset on the centre or keel line of the dock, but a 
vertical gkder is placed outside, so as to leave this 
part perfectly clear for the stem of a long ship. 

The plating of the closed end is further stiffened 

by long horizontal bulb L. irons placed outside, 

and by a horifontal girder at top, also outside, 

which is 2 ft wide and forms the gangway across 

the end of the dock. The closed end forming a 

girder 15 ft. in depth, adds considerable transverse 

stiffness to the dock at this part. 

At the open or gate end of the dock. Fig. 978, 

no such girder as the above could possibly be used, 

and there were, moreover, manv considerations 

connected with the gates themselves which made 

it a matter of great importance that the cross 

girder at this end should possess, both in itself 

and in its attachments to the main girders, far more 

than the ordinary strength considered necessary 

for the other cross girders. It was therefore deter- 
mined to reduce the depth of the end bulkhead in 

the main girders, Fig. 975 ; to make the web of this 

cross girder, which is 2 ft 6 in. in depth, continuous 

between the two outside webs of the main girders ; and to make the bottom flange of the cross 

girder, which at the centre is 86 in. wide by 2| in. thick, continuous right through, and riveted to 

the outside L iron in the bottom flange of the main girder ; finally, to make the top flange of this 

cross girder, which in the centre is 30 in. wide by 3| in. thick, also continuous right through to the 

outside web of the main girder. This construction is shown in Fig. 974, and the section of the end 

cross girder in Figs. 981, 982. In the top flange of this end cross girder, the end plates of the lowest 

layer are also made of such a width as to extend along inside the main eirders a distance of 5 ft ; 

and the whole of this plating being thoroughly secured with double L uons, the end cross giider 

and the two main girders are thoroughly incorporated together. 

The horizontal triangular projection L carrying the gate sill J, Figs. 978, 981 and 982, is made 

of a I in. plate, riveted to the projection of one of the plates in the top flange of the end cross 

girder, ana supported by strong plate and L uon gussets pkced underneath. Along the edge of 
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this triangalar projeotion L ^^^^ on the end bulkheads of the main girders is fixed the timber J, 
which forms the water-tight seat between the gate and the end of the dock. In this timber, which 
is secured to the L. irons with | in. wooden screws and caulked with oakum, is a grooye, which is 
planed out to a diameter of 2^ in. and a depth of 1-^ in. In this groove is placed an indiarubber, 
projecting about ) in. beyond the face of the timber. Tlie object of having the rubber made with 
a central hole was, that when it was pressed home flush with the &ce of tiie timber it might fill up 
this hole, and not be frayed by being squeezed and crushed over the edge of the timber. The 
outward pressure of the rubber is sufficient to prevent the water from passing, while the timber 
takes almost the whole of the presa^ure received from the gate, and thus prevents liie nature of the 
rubber from being destroyed. 

The gates, one of which is shown in sectional plan in Fig. 978, are 12 ft. 8 in. in depth and about 
26 ft. long ; they are straight on the inside, but curved on the outside to a radius of 65 (t 7} in., 
and are made with a double skin of I'in. plates, with their lengths placed horizontally. These 
plates are lapped at their sides, but butted at their ends. There are five horizontal and three 
vertical plate diaphragms in each gate, thus dividing it into eight compartments ; of these the four 
upper ones are open for the water to flow in and out, while the four 
lower ones are permanent air chambers, and when submerged have 
a displacement just sufficient to balance the weight of the gates, and 
make them water-borne. The lower compartments were fixed upon 
as the air chambers in order that when tne dock was being worked 
with a large amount of free boiud, the gates might still be as nearly 
as possible floating. In addition to the three vertical plate dia- 
phragms there are at 5 ft. centres, strong vertical plate and L-iron 
names, extending from top to bottom ; and in addition to these, 
there are in the air chambers extra plate and L-iron stifieners, 
to resist the water pressure when the aock is at the bottom of the 
Hft pit AU rivets in the gate are { in. diameter, and 3 in. pitoh. 
At the mitres of the gate are fixed, each between two angle irons, 
two vertical timbers, which meet when the gates are shut, and 
complete the water-tight seal. 

The hinge of each gate, Fig. 983, consists of a forged wrought- 
iron gate post, 7} in. in diameter, which passes through horizontal 
diaphragms in the semicircular end of the gate, and is fixed in 
place by cast-iron distance pieces. The top of this gate post works 
in a gun-metal cap, which fito in a Bessemer steel casting riveted 
to the plates at the end of the top fiange of the main girder, and 
also firmly secured by a collar let into these plates and run in with 
zinc The bottom of the gate post is enlarged and hollowed out to 
fit over a gun-metal bush, which works on a Bessemer-steel casting 
forming the pivot ; this pivot fito into a semicircular slot in the 
plates forming the top fiange of the end cross girder, and the table 
or fiat part of the casting fits and is riveted in between the imder- 
side of this top fiange, and a pair of plate and double L'^ron 
brackets which are riveted to tne web of the end cross girder. ' 
The gates are dosed by strong chains attached to eye-plates on 
the gate, and passed over sheaves to a barrel fixed between the last 
pair of side gussets ; the barrel is worked with a worm wheel by a 
long vertical shaft from the top of the main girder. The gates are 
opened by ropes passed over sneaves fixed to the dolphins at the 
entrance to the Uft, and led back to capstens placed on the ends I** ? ? f J-t- 
of the lift platform. 

The following calculations relating to this importent dock are due to Charles Elwin, of London ; — 

To estimate the Stresses on Flanges of Main Girders, when the Dock is afloat. — ^The total 
weight of the dock is 1650 tons, of which about 60 tons is supported by the displacement of Uie 
iron and timber beneath the level of the lower flooring of the dock. This amount may therefore 
at once be dismissed from the calculation, reducing the weight to 1590 tons. There mav also bo 
dismissed from the calculation the wetghte of the crane and gate at the after end, and of the closed 
end, engines and pumps at the forward end, as these are more or less neutralized by local 
buoyancy ; and as moreover they are not evenly distributed, they would, if taken into account, 
complicate the calculations without any corresponding advantage in accuracy. 

The calculations are based upon the weighte of the main and cross girders, and are as follows ;— 




From centre to 105 ft from centre 
„ 105 ft to 150 ft 
„ 150 ft. to 200 ft 

So that the total weight for the oalcuUtions i 









For length from centre to 105 ft. from centre 

105 ft to 150 ft 
150 ft to 200 ft. 






»♦ 



}* 



19 



$9 



= 4*5 tons a 
= 8-5 „ 
= 2-5 „ 


foot run. 

»9 


Pfe. Tom. 
210 X 4*5 
90 X 8-5 
100 X 2*5 


Tooa. 
= 945 
= 815 
= 250 



1510 



In the calculations of displacemente no account is taken of that due to the air compartments for 
engines and the like, these being neutralized by local loads. The displacement above the upper 
floor levels will therefore be 400 ft length x 58*8 ft width, giving 653 tons a foot of draught of 
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dock, this indading the spaoe ooonpied by the water baUait The displaoement between the bwer 

and upper floor levels also incloduig Bpaoe occupied by water ballast, Taries acoordixig to the 

anangemeut of the flooring, and is — 

Tonaa Total 

FL Ft foot run. tona. 

From centre to 105 ft. firom centre .. 58*8 x 2*5 s 4*08 or 856*8 

„ 105 ft to 150 ft. „ „ .. 27*2 X 2*5 = 1*89 or 170*1 

„ 150 ft. to 200 ft, „ „ .. 19*2 X 2*5 s 1*83 or 133*0 

1159*9 

or 1180 tons total ditplaoement between the two floor IctcIs. — -^ 

The diBplaoement above upper floor level due to the weight of the dock la ascertained by 

deducting 1160 tons, that below upper floor level, firom 1510 tons total weight, leaving 350 tons, 
whicii, divided by 400 ft. total length, gives 0*875 ton a foot run ; so that the total displacements 
a foot run, due to weight of dock, will be — 

Below. AboTtt. Total 

Tons. ToniL tooa. 

From oratre to 105 ft. from centre 4*08 + 0*875 ss 4*955 

„ 105 ft, to 150 ft. „ „ 1*89 + 0*875 = 2*765 

« 150 ft. to 200 ft. „ „ 1*33 + 0*875 s 2*205 

We have then to ascertain the stresses in the main girder flanges, due to the difference between 
the moments of the weight of the dock, and the moments of the displacements caused by this 
weight In this and the subsequent calculations all moments are taken as positive which tend to 
produce compression in the top flange and tension in the bottom flange, and all opposite moments 
as negative. 

The moments of weight of dock are-^ 

Tooa. Fl Ft Tons. Ft Ft Tool Ft Ft Foot-toniu 

At centre (4:5 x 105 x 52*5 + 3*5 x 45 x 127*5 + 2*5 x 50 x 175) » ^ 66,762 

60 ft. firom „ („ X 55x27*5+ „ x 45 x 77*5+ „ x 50 x 125) =- 34.637 

100 ft. „ „ ( „ X 5 X 2*5 + „ x 45 X 27*5 + „ x 50 x 75) = - 13,762 

150ft. „ „ ■ („ X50x 25)=- 8,125 

The corresponding moments of displacement of dock ; — 

A. 

Tooa. Ft Ft Tooa. Ft Ft Tooa. Ft Ft Foot-tooii 

At centre (4*955 x 105 x 52*5 + 2*775 x 45 X 127'5 + 2*205 x 50 x 175) = + 62,472 

50 ft from „ ( „ x 55x27*5+ „ X 45 x 77*5+ „ x 50 x 125) = + 30,919 

100 ft „„(„ X 5x2*5+ „ X45x 27*5+ „ x 50 x 75) = + 11,752 

150 ft. „ „ : ( „ X 50 X 25) = + 2,756 

The algebraical sum of these moments will give the resultant moments ; and the latter divided 
by 15 ft. the depth of the girder, and by two, the number of main girders, will give the stress on 
each flange due to the weight of the dock. Thus,— 

A. 

Momenta dua Monwntadoa q««.i».«* Oti eaa 

to Weight toDlaplaoe- tS!S!!^ on each 

ofDoS. ment Momenta. j^^^ 

Foot-tona Foot-tonai Foot-tooi. Tooa. 

At centre .. — 66,762 + 62,472 = - 4290 s - 143 

BOftfiwn „ .. - 84,637 + 80,919 = - 3718 = - 124 

100 ft „ „ .. - 13,762 + 11,752 = - 2010 = - 67 

150ft „ „ .. - 8,125 + 2,756 = - 369 = - 12 

In the actual calculations of the streflses on the main girder flanges, they were ascertained for 
sections at 10 ft. apart ; but those here given at 50 ft apart are sufficient to show the system of 
calculation adopteo^ 

The water ballast extends from 120 ft. frt>m centre of dock to either end of each main girder ; its 
weight a foot run is 2 x 14 ft. x 5*25 ft x -^ ton a cub. ft. = 4*08 tons, and the downwajrd 
moments ot this weight will be — 

B. 

TonaL Ft Ft Foot-tona. 

At centre 408 x 80 x 160 s - 52,224 

60 ft from „ „ X 80 x 110 = - 35,904 

100 ft n n ,> X 80 X 60 = - 19,584 

150 ft „ „ „ X 50 X 25 = - 5,100 

The total displacement caused by this load will equal it in amount, and will be uniformly di8> 
tributed, or 653 tons + 400 ft. = 1 '63 tons a foot run of length and a foot of draught of the dock ; 
and the upward moments of this displacement will be — 

B. 

Tona. Ft Ft Foot-tooa 

At centre 1*63 X 200 x 100 = + 82,600 

60 ft from „ „ x 150 X 75 = + 18.338 

100 ft. „ „ „ X 100 X 50 = + 8,150 

150 fl^ „ „ „ X 50 X 25 = + 2,038 






At centre .. ~ 52,224 + 32,600 s - 19,621 = - 65 

50 ft. from „ - 35,904 + 18,388 = - 17,566 = - 5a 

100 ft. , - 19,584 + 8,150 = - 11,434 = - 38 

150 ft. „ „ .. - 5,100 + 2,038 = - 3,062 = - 10 

If ui algebraical aiuii ia made of the etrewea obtained by oalculatioos A and B, the Bt 
(o the total dead or peraianent load vill be obtained i — 
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At centre - 148 - 654 = - 797 

SOft-ftom - 124 - 585 = - 709 

100 ft. „ , - 67 - 881 = - 448 

150a „ „ - 12 - 102 = - 114 

To Bsoertain tlie effoot of the weight of a perfectly flexible long ship, heavy [n the centre bat 
light at the ends, tiro aasumptiooa are made as to the rtietribntion of the veighU. 

The iTe[t!:bt of the ithip ig aaaumed to be pTopoitiaaal tn its diBplacemont at each eectioo of ita 
leDgth. This weight is plotted od a diagram, and the weight of each Dortioii is oalotilHted, and Iho 
distance a ascertained of its centre of gtarity from any point roand which roomenta have to be 
taken. Tbeahip in this example ii taken ae &1-B fL long x 14'7 ft. beam, and displaces on an 
CTen keel, and at an 16 ft draught S944 tons of water, ita gron registered tonuage being 



Taking the same fom points in the len^b of the dock as before at which to calcniate the 
■treeaea, uid calculating for each of those points the downward momeota ot those parts uf the ship 
only which lie beyond t)ut point, the moments due to the weight of the ship ate found — 

Pnot-toDI. 

At centre = — 12S,a^ 

sod from = — 47,880 

100ft. „ « = — 10,134 

160ft. „ „ = — 316 

The di^lacement canaed by weight of ship is S944 tons total, or l*a* =9-86 tonsafoot run; 
and the moments of thia displacement are ; — 

Tdob. Ft. FL Foot-Unt. 

Atcentn 9-86 x 200 x 100 = + 197,200 

SOft.from „ „ X 150 X 76 = + 110,928 

100 ft. „ „ „ X 100 X 60 = .|- 49,300 

150ft „ „ „ X 50 X 25 = + 12,323 

The following algebraical aam of the momenta doe to the weight of the ship and to Uie dis- 
placement caused by this weight will give the resaltant momenta dne to the ahip ; and dividing 
half the lattei by 16 ft depth, aa befoM, will give the streesea on each flange ;— 

Maa^Vitm MocunU dna RemlUnt *"* 

to Weiglit to DU- u.,h— ,.,- 00 Mdi 

otSbtp. ^iferaent. "Dmrnu. ruog^ 

FmHc™. FooHom. Faot-Um. Totu. 

At centre ., ,. - 125,334 + 107,200 - + 71,866 = + 2396 

50 ft from „ .... - 47,880 + 110,925 = + 63,(M5 = + 2102 

100ft „ „ .. .. - 10,134 + 49,300 = + 39.166 = + 1300 

150 ft. „ - 316 + 12,825 = + 12,009 = + 400 
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Finally, the fbOinriiiK slgebMioU iudi will pre the toUl tenltaat strrMU doe to weight of 
sliip and penuMieiit kiad; — 

' OcmpoKnl Com- TaUl 



50 ft. from „ _ 709 + 2102 = + 1 

100 ft. „ „ _ «8 + 130G ^ + 

150 ft. „ „ - lU + 400 = + 



The same ship ii taken aa in the last oaloalation, bnt the distribatioD of its UmuI ia aaaamed to 
bs four-flfthi of the total load onifonaly dirtribnted oTer the oentral two-tbirdi of the length of the 
ahip, and the remainder nniformlj dUbibated over the enia, ThU diatrihntioD Elwin twlievcs to 
be generally accepted aa approiimalelr oorrect 

The length of the ihip being 354 ft. on the keel, it« weight will now be dittribaled ; — 



236 ft. in centre =3155 

59 fL at each end = 789 



Totalweight =3941 

The momentB of the weight of the iblp will be ; — 

Tom. F». Ft Tom. Ft Ft Poot-toM. 

At centre .. (1337 X US x 59 + 6-69 x 59 x 1475) = — 151 302 

60 ft. from „ .. („ X6ex34+ „ x59x 97-5) = - 69,396 

100 fL„ , ■■<« xl8xB+., X59x *7-5) = - 20,913 

150ft. p „ .. ( „ X 27 X 135) = - 2,43§ 

The momenta of the displacement are the same aa In the lait oalcnlation ; and the following 
algebraical sum will give the reenltant momenta due to the ahip, and, dividing by 2 x 15 fL depth, 
the atreaaea on esoh flange ; — 



At centre .. - 151,302 + 197,200 

yitttiom „ .. ~ 69,396 -t- 110.925 

100 ft. „ „ .. - 20,915 + 49,300 

150 ft. „ „ .. - 2,438 + 12,825 



n will giTS the total reenltant rtreeus dne to weight of 
Ompoaent Compunnit TnUl 



BlnL 



At oentte 
soft, from „ 
100 ft. „ 
ISO ft , „ 



ToMcertain the effect of a abort heaTy ship, take for example a Teasel 313-3 ft. long x39 ft. 
beun, which diqilaoea, on an even keel and at aa 18 ft. draught, 2967 tons of water, la graea 
regiiitered tonnaie being 2178 lona. The Mme two awnmptioni aa to distribntion of k>ad ore tn X^n 
aa in tlie laat caloiilBtian. 
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w doe to weight of (bip and 



At centre ■' 
SO ft. ftom „ 
100 ft. „ „ .. 
. ISO ft. „ „ ■■ 
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At centre.. 
SOft.&om „ 
100 n. „ ,, .. 



448 
114 



= + 



542 
199 



To aaoerttun the effect of a long hmvy abip. the riiip In thla ezMnple ia taken u 420 ft. loag 
K 42-5 ft. beem, sad dlaplocee, on an evea keel and at an IS ft. draught, 4400 tons of water, its 
;ra« rmrtered tonnage being 3850 tons. The ■ ' 
riona cafonlations. _ 

FlBaT MSTHOD. 



e two aaaumptioiu are made aa in the pra- 



At centre .. 
60 ft item „ 
100 fL „ „ ■■ 
150 ft. „ „ .. 



8Booin> HaTHOD. 



Atoentre .. 
SO ft. from „ 
100 a „ „ ■> 
150 ft. „ „ .. 



IMS = 
1745 = 
1129 = 



1041 = + 244 



ro oombined in TMe I. ;— 

Tabli I 





L««'W^'^^J^««^ 


SboRlHTriUp. 


l^hmnt-lp. 


-"SSSSBS"- 


Pint 

dlmibatloD. 


aeoDDd 


FWt 


.S. 


Flnt 


Brnad 


Atoentre.. .. 
SOftfirom „ .. .. 
100 ft. „ „ .. .. 

150 a „ „ .. .. 


+ 1599 
^ 1393 
+ 858 
+ 286 


+ 733 
+ 675 
+ 498 
+ 216 


+ 1511 
+ 1280 
+ 703 

+ 19a 




+ me 

+ 103S 
+ 681 
+ 254 


+ 244 
+ 23.1 
+ 204 
+ 88 



The effect of the «»ter ballaat npon the rtresiea on the flange* of the main girderp li Bhown ij 
eaknlation B, p. 445 ; front which it will be eeem that the amonnl by which the rtrenea In the iMt 
table wonld be increeaed, if there were no water In the ballaat ohambere, ia : — At centre, 654 trnw ; 
60 ft from the cenlie, 685 Idbb ; 100 ft. from the centre, 881 tons; and 150 ft from the centre^ 
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If thae chamben were left open to the outside water, so that the contained water would be 
level with that in which the dock wu floating, or in other worda ao that the depth of water in the 
ballaat ohamberi wonld equal the draught of the dock, then the redaction of the streBsee wonld be 
tram ^io^oi that given above, according to the draught of the dock ; but when really most required, 
with the short ship of small maximum but great proportional load, the relief afforded to the main 
g:i]der flanges would be least, as the draught of the dock in this instance would be less than in the 
other cues. 

The effect of raising the flooring, is to tiansfer the centre of gravity of a portion of the displace* 
ment, on each side of the centre of the dock, to a point considerably nearer the centre, with a 
oanesponding reduction in the stresses on the main girder flanges. 

The following are the actaal displacements below the upper floor level exclusive of the side 
girders, 1 cub. (L of water weighing -^ ton ; — 

Ft In. Ft. in. Ton. ^^ ^^ 

Centre to 105 fL from centre .. =48 2x26x^=5 8'34 or 851 
105 ft to 130 ft. „ .. = 16 8 X „ X „ = 1-157 „ 52 

150 ft to200ft. „ .. =r88x •, Xh= 0*60 „ SO 



Total displacement on each side of centre 433 

The distance of the centre of gravitv of this displacement ftom the centre of the dock is 
69*99 ft., say 70 ft, or 80 ft. le« than that for uniform displacement The reduction in the 
stresses on the flanges is given in Table II. 

Tablb II. 





At centre 


50 ft. from 


tff 


100 « 


»» 


*t 


150 „ 


n 


n 



StrcMooMdi 

FUuge 
with muform 
Ditplicwnept 



Strew with 

DtoplAocment 

M modified 

bjndatng 

the Floorlns. 



Bednctkm 

effected 

by railing the 

Flooring. 



1448 

812 

361 

90 



1010 

428 

124 

25 



toos 
43d 
384 
237 
65 



When the dodc is on the lift the maximum stresses on the main girder flanges occur, when the 
dock and ship have been raised by the hydraulic lift till the dock has 12 in. fireeboard, inasmuch 
M, previous to this, the ship is to a greater extent water*bome, and the weight on the hydraulie 
lift is less ; and, suosequent to this, the weight is mora or less supported, by the buoyancy caused 
by pumping out the water from the interior of the dock, which operation again relieves the 
pressure on the hydraulic lift. When the dock is in this position with 12 in. freeboard, almost all 
the iron, except that in the top flanges of the main girders, is submerged ; the weights of the dock 
wiU, therefore, be taken one-eighth less than in the calculations for the dock when afloat and will 
be from centre to 105 ft from centre 3*94 tons a foot run ; from 105 ft to 150 fL from centre, 
3*06 tons a foot run; from 150 ft to 200 ft. from centre, 2*19 tons a foot run. 

So that the total weight for the calculations is ; — 



For length from centre to 105 ft frem centre 

105 ft to 150 ft. 
150 ft. to 200 ft. 



» 



ft 



»» 



Ft 
210 

90 
100 



X 
X 
X 



Tone. 
3*94 
3*06 
219 



Tone. 
::: 827*5 
= 275*5 
= 2190 



Total 1322*0 



For the unbalanced weight at the ends, a total extra load of 80 tons is assumed, or 40 tons at 
each end, 200 ft from centre. Thus the total weight of the dock will be 1322 + 80 = 1402 tons. 

The water ballast being level with the outside water, does not aiiect the calculation. The ship 
although already partly raimd, is still drawing about 10 ft. 6 in. of water, and its displacement reduces 
the amount of its weight that has to be supported on the hydraulic lift. The air chambers in the 
main nrders have a displacement of 2 x 14 ft. x 5*25 ft x -^ ton a cub. ft. = 4*08 tons a foot 
run, which for a length of 240 ft gives 979 tons as the amount to which the air chambers relieve 
the hydraulic lift The dock when in the lift is always placed with its centre 2 ft 6 in. farther 
forward than the centre of the lift ; and all the stresses given are for the after end of the dock. 

First to ascertain the stresses on the main girder flanges, due to the difference between the 
moments of the weight of the dock, and the moments of the displacement of the air chambers, and 
of the support given by' the hydraulic presses. 

Tone. 

Ihwnward pressure, — Weight of dock = 1402 

Upward pressures, — Buoyancy of air chambers = 979 

Pressure on rams, 16 pair, at 26*44 tons s 423 

Total = 1402 

■~*2 G 
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Moments of Wkight of Dock. 

Tons. Ft Ft. Toaf, Ft. Ft. Tons. Ft Ft Tons. Ft Foot-fema. 

At centre (3-94xl05x 52-5 + 3-06x45x 127-5 + 2-19x50x175 + 40x200) =-66,439 

50ft.from „ ( „ X 55x275+ „ x45x 775+ „ x 50 xl25+ „ x 150) = -36,319 

lOOa „ „ ( „ X 5x 2-5+ „ x45x 27-5+ „ x50x 75 +„ x 100) =- 16,049 

150ft. ., „ ( „ x50x 25+ „x 60) = - 4,737 

Moments of Dispijlcement of Aib Chambers. 

ToDii. Ft Ft Foot-tons. 

At centre 408 x 120 x 60 = + 29,376 

50 ft. from „ „ x 70 x 35 = + 9,926 

100 ft. ,, „ „ X 20 X 10 = + 816 
150 ft. „ „ no displacement beyond 120 ft. 

The moments of the pressure of the rams, of which there are eight pairs aft of the centre of the 
dock, spaced 20 ft. apart, are as follows ; — 

Tons. No. Ft. Foot-tons. 

At centre 26*44 x 8 x 82-5 = + 17,450 

50 ft. from „ „ x 6 x 52-5 = + 8,329 

100 ft. „ „ „ X 3 X 82*5 = + 2,578 

153 ft. „ „ „ X 1 X 2-5 = + 66 

The following algebraical sum of these moments will give the resultant moments dae to the 
dead or permanent load, whence the stresses on each flange are obtained by dividing by 2 x 15 ft 
depth ; — 

Moments of Moments of Moments of t>-«.u.«» Stress 

Weight of Dtoplacemcnt of Pressure on SSlirS onroch 

Dock. Air Chambers. Rams. Momenta. Flange. 

Foot-tons. Foot-tons. Foot-tons. Foot-tons. Tons. 

At centre — 66,439 + 29,376 + 17.450 = — 19,613 = - 654 
50 ft. fW)m „ — 36,319 + 9,996 + 8,329 = — 17,994 = - 600 
100 ft „ „ - 16,049 + 816 + 2,578 = - 12,655 = - 422 
150 ft „ „ - 4,737 + 000 + 66 = - 4,671 = - 156 

To ascertain the effect of the weight of a perfectly flexible long sliip, heavy in the centre but 
light at the ends, the weights are plotted and the weight of each portion is calculated, and the 
distance is ascertained of its centre of gravity from any point round which moments have to be 
taken. The displacements at 10 ft. 6 in. draught are treated in a similar manner. The ship in 
this example is the same as at p. 446, its total displacement or weight being 3944 tons, and its 
displacement at 10 ft 6 in. draught being 1704 tons ; so that the load on the rams is 3941 tons — 
1704 tons = 2240 tons, which on sixteen pairs of rams gives 140 tons a pair due to excess weight of 
ship. 

Moments of Htdraulio Presses. 

Tons. No. Ft. Foot-tons. 

At centre 140 x 8 x 82-5 = + 92.400 

50 ft from „ „ x 6 X 525 = + 44,100 

100 ft „ „ , X 3 X 32-5 = + 13,650 

150 ft. „ „ „ X 1 X 2-5 = + 850 

The moments of the total weight of the ship are the same as at p. 446, and as the moments of 
the displacements of the ship at 10 ft. 6 in. draught are ascertained in the same manner, it will not 
be necessary to give in detail the process by which the calculations are obtained, and they will be 
merely inserted in the algebraical sum of upward and downward moments. The same two 
assumptions are made with regard to the distribution of the load. 

Taking the first, the following algebraical sum will give the resultant moments due to the 

ship ; — 

Moments Moments Moments «. 

due to doe to due to Resaltant ««^Z!k 

Weight of Displacement Hydraulic Moments. rS.?ir 

Ship. of Ship. Presses. *unge. 

Foot-tons. Foot-tons. Foot-tons. Foot-tons. Tons. 

At centre - 125,334 + 51,962 + 92,400 = + 19.028 = + 634 

60 ft from „ - 47.880 + 18,635 + 44,100 = + 14.855 = + 495 

100 ft „ „ - 10,134 + 3,619 + 13,650 = + 7,135 = + 238 

150 ft. ., ,. - 316 + 105 + 350 = + 139 = + 5 

And the following algebraical sum will give the total resultant stresses due to weight of ship 
and permanent load ; — 

Oomponeut Component Total 

Stress. Stress. Resultant 

Permanent Load. Ship. Strens. 

Tons. Tons. Tons. 

At centre - 654 + 634 = - 20 

50 ft. from „ - 600 + 495 = - 105 

100 ft „ „ - 422 + 238 = - 184 

150 ft „ „ - 156 + 5 = - 151 
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On the seoond aaBomptioii, the following algebiaioal aamwUI gi?e the re«nlUnt moments doe to 
the ship ; — 

MomraU Momenta MooMnta atnmm 

due to due to due to KMnttant t^no^h 

Weight of DtopUcement HydrauUe Momenta. Fum«^ 

Ship. of ShipL Proaooii 

Foot-tona. Foot-tone. Foot-tont. Foot-tone. Tone. 

At centre - 151,302 + 51«962 + 92,400 r= - 6940 = - 231 

50 ft. from „ - 69,396 + 18,635 + 44,100 = - 6661 = - 222 

100 ft. ,, „ ~ 20,915 + 3,619 + 13,650 = - 3646 = - 122 

150 ft „ ,. - 2,438 + 105 + 350 = - 2003 = ^ 66 

FinaUj, the followmg algebraical ram will give the total resaltant ■tieBses dae to weight of 

ahip and penn&nent load ; — 

Oomponent Omnponent Totel 

Strcee. Streei. Beenltant 

Permaoeot Loed. Ship. Btnm. 

Tone. Tone. Tone. 

At centre - 654 - 231 = - 885 

50ft from ^ - 600 - 222 = - 822 

100 ft „ , - 422 - 122 = - 544 

150 a „ „ - 156 - 66 = - 222 

To ascertain the effect of a short heavy ship when the dock is in the lift— The ship is the 
same as at pp. 447, 448, its total displacement or weight 2967 tons, and its displacement at 10 ft 
6 in. draoght being 1276 tons; so that the load on the rams is 2967 tons — 1276 tons = 1691 tons, 
which on sixteen pairs of rams gives 105*69 tons each pair doe to excess weight of ship. 

987. 




The following will give the total resultant stresses due to weights of ship and permanent load 
on the first assumption ; — 

Gompooent Component Total 

StreiB. Streee. ReRultant 

Pennanent Load. Ship. Strega. 

Tone. Tone. Tone. 

At centre — 654 + 763 = + 109 

50 ft. from „ — 600 + 613 = + 13 

100 ft. „ „ - 422 + 286 = X 136 

150 ft. „ „ - 156 + 9 = - 147 

And the total resultant stresses due to weight of ship and permanent load on the seoond 

assumption ; — 

Component Component Total 

Stren. Street. Reenltant 

Pennanent Load. Ship. Streaa. 

Tone. ToDB. Tona. 

At centre - 654 + 188 = -. 466 

50 ft. from „ - 600 + 171 = — 429 

100 ft. „ „ - 422 + 125 = - 297 

150 ft. n p - 156 + 9 = - 147 

To ascertain the effect of a long heavy ship when on the lift. — The ship is the same as at p. 448, 
its total displacement or weight being 4400 tons, and its displacement at 10 ft. 6 in. draught being 
1900 tons ; so that the load on the rams is 4400 tons — 1900 tons = 2500 tons, which on sixteen 
pairs of rams gives 156*25 tons a pair due to excess weight of ship. 

The total resultant stresses due to weights of ship and permanent load on the first assumption 

are; — 

Component Component Total 

Streea. Streai^ Beanltant 

Permanent Load. Ship. Streaa. 

Tona. Tona. Tone. 

At centre - 654 + 235 r= -. 419 

50 ft. from „ - 600 + 169 = - 431 

100 ft „ „ - 422 + 48 = - 874 

150 ft. „ „ - 156 - 50 = - 206 
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And— 



Component 

Strew. 

Permaneut Load. 

Tons. 

At centre . 654 

50 ft. from „ — 600 

100 ft. „ , « 422 

150 ft. „ „ - 156 



Component 




Total 


Stress. 






Resultant 


Ship. 






BtrtMs. 


Tods. 






Tons. 


666 


= 


. 


1320 


632 


= 


— 


1232 


428 


^ 


mm 


850 


215 


= 


— 


871 



Table III. 



Kesnltant Stressas on Main 
Girder Flanges. 


Long Ship, heavy In oentre, 
light at ends. 


Short hesTj ship. 


Long bssTy sbipi 


First 

assumed 

Dlstiihution. 


Second 

assumed 

Dbtrihution. 


First 

assumed 

Distribution. 


Second 

assumed 

Distribntloa. 


First 

assumed 

DIstritMitkm. 


Second 

assumed 

Distribution. 


At centre .. 
50 ft. from „ .. .. 
100 ft „ „ .. .. 


tons 

- 20 

- 105 

- 184 

- 151 


tons 

- 885 
^ 822 

- 544 

- 222 


tons 
+ 109 
+ 18 

- 136 

- 147 


tons 

- 466 

- 429 

- 297 

- 147 


tons 

- 419 

- 431 

- 374 

- 206 


tons 
-1320 
-1232 

- 850 

- 371 



On comparing this enmrnaiy of results given in Table III. with that given in Table I., it will be 
observed that the distribntions of weights of ships which give high stresses when the dock is afloat 
give low stresses when the dock is in the lift, and the reverse ; and that the differences between the 
stresses caused by the weights of the shins, taken upon the two different assumptions, are in all 
oases very considerable. It was di£Bcult however to determine the exact, or even the approximate, 
distribution in which the weight of the ship would be conveyed to the dock, inv(dving as the question 
does, the relative stiffness of the two as longitudinal girders. It was therefore determined to t^' ke 
the highest stresses as the basis upon which to proportion the material in the flanges : allowing a 
high unit-stress of 8 tons tension, and 7 tons compression, for the parts of the flanges between the 
centre, and 120 ft. ftom the centre, for which peirts^ the calculations give stresses which are to a 
certain extent hypothetical, in consequence of the perfect flexibility assumed for the ship ; and 
allowing a low umt-stress of 5 tons tension, and 4 tons compression, for the parts towards the ends, 
for which the calculated stresses approximate more closely to the actual conditions. 

To ascertain the stresses on fiie flanges of the cross girders, fifteen different cases are assumed, of 
which six are for the dock when afloat, and nine when on the hydraulic lift 

Those for the dock when afloat, tskke each of the Ihree ships considered in the previous calcula- 
tions, with distribution of load aocordinff to their displacements at an 18 ft. draught ;— 

With four-fifths of the total load uniiormly distributed over the central two-thirds of the length 
of tlie ship, and the remainder uniformly distributed over the ends. 

With the load uniform for the whole length of the ship; including the case of the keel blocks 
being removed from one or more of the cross girders, when tiie heaviest ship is in the dock. 

The calculations for ihe dock when on the hydraulic lift, take the heaviest load brought upon 
any cross girder by either of the three ships, with distributions of load according to their displace- 
ments at an 18 ft. draught, deducting their displaoements at 10 ft. 6 in. draught 

With four-fifths of the total load, uniformly distributed over the central two- thirds of the length 
of the ship, and the remainder uniformly distributed over the ends, deducting the displacement at 
10 ft 6 in. draught 

With their excess weight uniform for the whole length of the ship. 

And with their excess weight concentrated, and unifonnly distributed on those girders imme- 
diately over the hydraulic lift. 

In all cases the stresses are calculated at sections taken 4 ft. apart along the girder, the unit- 
stresses adopted being about 5} tons tension, and 4} tons compression, as a maximum. 

To show the manner in which the calculations for these girders were worked out, two examples 
are here given ; — 

When the dock is afloat, and has on it a long heavy ship weighing 4400 tons, and its distribution 
of load is assumed to be proportional to its displacement, the centre cross girder in the dock has to 
support 82*85 tons of the weight of the ship ; the total displacement of the dock at Uiis part, under 
these ciroumstanoes, is 87*925 tons a bay, or length of 5 ft distance between the cross giiden. 
The weight of the cross girder and flooring is 9*2 tons a bay, and the distribution of loads and 
supports is; — 



Load of Ship 
ooncentnited at 

Centre of 
Cross Girder. 



tons 
- 82*85 



Weight of Cross Girder 

and Flooring s Bay, 

evenly distributed oyer 

Length of Girder 

of 48 ft. 



tons 
- 9-2 



ToUI Displaoement 

a Bay, evenly 

distributed over 

Displaoement width 

of fid'Sft. 

tons 
+ 87-925 



Bssultant Pressure 
supported by 
Main Oirden. 



tons 
+ 4125 
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And the mcMneikU at tlie centre of tiM eroM giider 

Tom. n. Tom. Ft Tom. Ft 

/87-925 58-8\ /4-125 ^ „\ /9-2x48\ 



Foot-toni. 
+ 646 



which, di?ided hy 2'6 ft., the theoretic depth of the girder, gi?e8 a atrefls on the flaoges of + 248*5 
tooa 

When the dock is afloat, and has on it the short heavy ship weighing 2967 tons, and its distri- 
bation of load is <uMinwmi^ to be proportional to its displacement, the cross girder at 100 ft. from the 
centre of the dock has to support 38 tons of the weight of the ship; the total displacement of the 
dock at this part, under these circnmstances, is 70 tons a bay, or length of 5 ft. between the cross 
girders. The weight of the cross girder and flooring is 9*2 tons a bay, and the distribntion of loads 
and supports u 



Load of Ship 

oooomtraled At 

Oentreof 

CronOlrder. 



Wf Iffat of Cro« atider 

and Flooring a Bay. 

evenly diatribbted over 

Length of Girder 

of48fl. 



torn 
- 38 



tona 
- 9-2 



Total Displaoniient 

a Bay, erenty 

dlKtribuied over 

Dfapbonnent width 

olM'itL 



tona 
+ 70 



Reaoltant ftwaure 
aapported by 
MalnQlidera. 



tona 
- 22-8 



Ton. 


Ft 




Fooi-tooa. 


r9-2 


48\ 






-s- X 


-r) 


:= 


+ 153 



And the moments at the centre of the cross girder are — 

Tooa.. FL Tona. Fl. 

/TO 68-8\ /22-8 „. __\ 

which, divided by 2*6 ft., the theoretic depth of the girder, gives a stress on the flanges of + 59 
tons. 

When the pressure in the fourth column of those two tables Ib positive or upward, it shows that 
the displacement at this part of the dock is less than the load, and that there is therefore transferred 
to it, by means of the main girders, some of the excess displacement from other parts ; and in the 
same way, when the pressure in this column is negative, it shows that the displacement at this part 
is in excess of the losa, the surplus being conveyed away from this part to other parts. The weights 
of the main girders, and of the water ballast, do not require to be taken into account separately, as 
they combine with the ordinary vertical pressures on the main girders ; and for the cross giider 
eilcuUtions it is not nocessarr to know, m what proportions the vertical i>ressure on the main 
girders Ib influenced by the weight of the ship, or by the weight of the main girders and ballast. 

Towards the ends of the dock, where part of the flooring is raised, the displacement is not 
uniform for the whole length of the cross girder, and the moments of these displacements vary 
accordingly. 

When the dock is on the hydraulic lift and has a ship on it, the excess weight over the displace- 
ment of the ship is taken as a central load on the cross girder ; and the oalcu&tions havo therefore 
no peculiarity of any interest. 

The stresses for the flanges of the special cross girder at gate end of dock, are calculated 
assuming that no part of the water pressure on the gates is borne by the sill, but that the whole of 
it is supported at the mitres and gate posts, thus producing an end thrust proportiouate to the total 
water pressure. 

To the stresses caused by the thrust of the gates have to be added those caused by the displace- 
ment of the triangular projection L, Figs. 978 and 981, and of a half bay of the dock at this part ; as 
in no case would any portion of the weight of the ship be supported on this end cross girder. The 
weight of the girder with the triangular projection and half bay of flooring is 16 tons ; and the 
distribution of lends and supports affecting it, when tlie dock is afloat with a 4400-ton ship, are — 





Weight of 

GroaaOlrder 

evenly 

dIatnboUHi over 

Length of Oinler 

of4Sft. 


Dlaplaoements. 


Rffultant 


Load of 
Ship. 


Below Level 

of Upper 

Floor, 

Half End Bay 


Above Level of Upper Floor. 


Total 
Diaplaoemcnt 

aJfeciing 
Craaa Girder. 


Preaaare 
anpported 


Half End 
Bay. 


Trlangnlar 
Prqiection. 


by Main 
Qinkra. 


tona 
000 


tona 
- 16 


tona 
+ 3*32 


tona 
+ 33*76 


tona 
+ 38*25 


tona 
+ 75*33 


tona 
— 59*33 



and the moments of these loads and displacements being calculated, it is found that they cause 
tensile and compressive stresses, respectively, on the top and bottom flanges of this cross girder, 
varying from 167 tons at centre, to 29 tons at points 24 ft. from centre. The depth of water pressing 
against the eatee, when the dock has on it a ship weighing 4400 tons, is about 8*5 ft., the total 
diraught of dock being about 11 fL ; so that the total pressure acting in a direction pi^lel to the 
centre line of the dock is 48 ft. x 8*5 ft. x 4*25 f t x Vk ton a cub. ft = 48*17 tons, say 50 tons. 
Considering the whole of this pressure as supported at the mitres and the gate posts, the thrust at 
right angles to the centre line of the dock will be equal to ( of this amounf, multiplieil by half 
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the distance between the gate poeta, and divided by the riae to the apex of the triangle, or 

-r-; = 58 tons. The centze of eifort of this thrust lies in the same horisontal plane 

as the centre of pressare of the water, or 5*4 ft. above the bottom flange of the cross girder, or 
2*8 ft. above the top flange; and the resulting stresses will therefore be 9r^~K = ^^ ^^^^ 

58 tons X 2*8 ft 

tension on the top flange, and ^7^-r ~ = ^^ ^d* compression on the bottom flange. 

^*o it. 

Tiiese stresses if added to the stresses caused hj the displacements, will give the total stresses on 

the top and bottom flanges of the end cross girder. 

Stresnes Strewes 

doe to due to 

DispUoe- Tbnut of Total 

ments. Gates. Streaeaa. 

Tons. Teas. Toni. 

Top flange at centre — 167 — 120 = — 287 tension. 

Bottom flange at centre — 167 — 62 = — 229 compression. 

Top flange 2-1 ft. from centre .. .. - 29 — 120 = — 149 tension. 

Bottom flange 24 ft from centre . . — 29 — 62 — — 91 oompressioo. 

But when raising or lowering a ship of the same weight, a case mi^ht oocur in which the water 
outside would be nearly up to the level of the top of the gates, when the water intdde the dock was 
10 ft. below the top ; under which circumstances not only would the total pressure against the 
gates be gppeater, but its centre of pressure would be higher, and consequently the stresses on the 
end cross girder would be considerably increased. A calculation was therefore made to ascertain 
what would be the amount of the tbrust under the worst possible circumstances, namely, when the 
water outside the dook is level with the top of the gates, and the water inside is only up to a level 
a little above the top of the cross girder, or the bottom of the gate, giving say 12 ft. difference 
between the outside and the inside water levels. In this case the pressure of water would be 
48 ft X 12 ft. X 6 ft. X -^ ton a cub. ft = 96 tons ; and the tbrust taken as before would be 
111*4 ions, roughly 112 tons. The centre of effort of this thrust would be 7 ft. above the bottom 

flange of the cross girder ; and the resulting stresses would therefore be = 301 tuns 

2*o ft. 

112 tons X 4*4 ft 
tension on the top flange, and o."flf " = 1^0 tons compression on the bottom flange. 

These added to the stresses caused by the displacements, which are practically the same as in the 

former calculation, will give the total stresses. 

Stresaea Stmaea 
dae to dae to 

Dlyplaoe- Throat of Total 

menta. Uatea. Streasca. 

Tooa. Tons. Tona. 

Top flange at centre — 167 — 301 = — 468 tension. 

Bottom flange at centre — 167 — 190 = — 357 compression. 

Top flange 24 ft from centre .. .. - 29 - 801 = — 3:^0 tension. 

Bottom flimge 24 ft. frum centre .. — 29 — 190 ^ — 219 oompressiun. 

The fact that the gates do as a matter of course bear upon the sill, and upon the vertical 
timbers on the ends of the main girders, materially modifies and lessens these stresses ; but in the 
absence of any other specially transverse stiffener to the dock at this end, it is advisable to make 
the end cross girder sufliciently strong. 

In each of the various plans already considered, with the single exception of careenins: by the 
aid of another vessel, it has been necessary that there should be some connection with the solid 
ground ; but Floating Docks, properly so-called, dispense with the necessity of any such connection 
with the land for the purpose of support, as the dependence for support is on the water alone, the 
only requirements being a sufficient depth of water, and a holding ^ound to which the apparatus 
can be anchored. 

As early as 1785 a floating do<;k was constructed at Botherhithe, Fig. 984. It consisted of a 
timber vessel, 245 ft. long, 58 ft. wide, and 23 ft. deep on the blocks, having an open end which 
could be closed by gates. Water biing admitted into the vessel to sink it to a sufficient depth, the 
gates were opened, the ship to be repaired was drawn in, and then the gates being closed and the 
sluices shut the water was pumped out, leaving the ship in the interior of a true floating dry dock. 
Mention is made of one vessc4, the * Mercury/ having been docked in this dock with gieut success. 
No provision appears to have been made to regulate the descent of the dock, nor to prevent it from 
sinking too low, and it is to be assumed that the material employed being wood, was in itself suffi- 
cient for this purpose. Docks of a similar character have been constructed at various times and 
places ; but in order to ensure stability they have been sunk between guiding piles upon a level 
oed, and were therefore not true floating docks, that is, docks independent of the lana. Such a 
dock it appears was proposed to be constructed for the port of Havre about 1848. 

In 1809, Trevithick and Dickenson designed a floating dock or caisson of wrought iron, with air 
chambers at the sides for floating the dock when its body was full of water. It was then to t>e 
sunk by admitting just as much water into the air chambers, as was required for making it very 
slis^iitly ill excess of the specific gravity of the water ; and the ship being brought over it the 
caisson was to be raised by ropes, until its top edge was brought just above the surface, and then 
the water was to be pumpeia out of the body of the dock, 00 as to make the caisson rise all round 
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the ship^ leaving the ship aooearible for repair. The size of oatsBon proposed was 220 ft. long, 
54 ft. wide inside, and 30 It. deep, the top being surrounded by a flat rim, 6 ft. wide, to serve as a 
working platform, and also to strengthen the edge. The record of this idea appears to posseds oon- 
siderable interest, as showing that even so early as 1809, the possibility of constructing a wrought- 
iron caisson of the^ large dimensions was contemplated. 

The.Sectional Flouting Dock, invented about 1837 in the United States, Fies. 985 and 986.— The 
sections A A, from which the dock iikes its name, are each composed of a bottom caisson B, on 
the ends of which are raised frames C C, carrying platforms ana houses D D. The frames aro 
made high enough for the greate»t depth to which tne dock has to be sunk, so that the platforms 
and houses may at all times be out of water. In the frames are placed air tanks £ £, capable of 
vertical movement within the fmmes ; or rather the frames are capable of movement past the tanks, 
as the latter remain without much variation in reference to the level of the water that the dock is 
floating in. The connection between the tanks and the frames U made by means of rack and 
pinion gearing, worked off shafting which extends along the dock from the engines in the houses on 
the central section. The same lifting also works, in all the houses, pumps connected with the 
bottom caissons B. In applying this dock for lifting a vessel, a number of the sections are brought 
together, and secured to one another by tie-beams ; and sluice valves being opened to admit water 
into the caissons B the dock begins to sink. The gearing connected with the air tanks E is then 
pnt to work, so as to allow the Uinks to remain at the surrace of the water while the dock sinks to 
the desired depth, at which it is then held suspended by the air tanks. The sluice cocks are then 
shut, and the vessel is drawn into the dock and secured in a central position by breast shores. The 
pumps are then all put to work to raise the dock until the vessel takes the keel blocks, when the 
bilge blocks are liauled in to support her, and the pumping is continued, causing the duck to rise, 
lifting the vessel with it In the act of rising the whole is in a state of unstable equilibrium, and 
would be liable to turn over, were it not for the air tanks, which by means of the gearing are still 
kept at the water level. By this arrangement, if the dock endeavour to heel over, it is at once 
restrained by the air tanks, as it cannot diange its perpendicular position without drawing those on 
one side partially into the water, and raising the opposite ones an equal amount out of the water. 
Thus if due precautions as to bulkheads be taken in the construction of the dock, to prevent au 
excessive force from being applied to turn the dock over, the side air tanks are sufficient not merely 
for determining the point to which tlie dock shall sink, but also fur giving it stability both in 
rising and in sinking. These sectional docks liave been connected with a system of railways, so 
that a vessel might be rnn off the dock on to the rails and be repaired there, while the dock was 
used to lift another vesseL 

S88. 




The Balance Dovk, or Box Doek. introduced in the United States, consists of a pontoon bottom 
with two side walls. The pontoon poss'eses sufficient displacement to carry the whole weight of 
the dock and of any ordinary vessel that has to be raised. The side walls are hollow and of 
considerable widtli, serving the bsme purpose as the air tanks in the sectional dock, namely, to 
prevent the dock from sinking. Port holes are made in tl.ese walla to asbist ventilation, and the 
walls afford the means of bhoring up the ship by breast sliores as in a stone dock ; on the top 
are the engine-house and pumps, and the working platform. For lifting the heaviest vessel that 
could be t^en inside the dock, gates have been litted at the ends of the dock, so that it might 
float with the surface of the pontoon below the water, and thus acquire an additional amount of 
buoyant power according to the depth of immersion. 
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In 1859 F. J. Bramwell designed a plan of floating lift, which combined the piinciplesof the 
American hydraulic lift and of the floating dock. It consistid, Fig. 987, of two parallel floating 
pontoons A, carrying bi t«een them a framing B, on which the ship was to be lifted by chains, 
pulleys, traction bar», and hydraulic presses 0. Two presses were here applied to each traction bar, 
one at the further end and one half-way, the strains on the traction bars, and their requisite sectional 
area, being diminished ; and the presses were so arranged that tliey made the lift in two strokes 
of half the length. The pontoons were arranged to separate into parts, when required for shorter 
vessels at different places ; but when these parts were used combined together for the larj^est ships, 
means were provided to ensure the preservation of the full stren.i^th of the pontoons as girdi:rs. 

In considering the principles of a good floating dock, and the defects most important to be 
guarded against, the first ^nd principal requirement appears to be, that the ship should be supported 
on as ri^ a bottom as when on a building slip, or in a stone dry dock. This condition is not 
universally recognized, and on the contrary it is urged that if a vessel has assumed a certain 



distorted tbmi in Ibd water, this (bim ought to b« letuned vheD ont of the mim tot the ^nrpoaea of 



the Tbamee smviiig dock. The employnieDt d an elastio bearing appmn to F. J. Btamwell to 

h« enoneoaB, becauBe it is baaed on Uie aagumption, either tl ' ' * 

shape to a certain extent iriU not yield forther, or tl^t i^l tL_ , 

a foot ran, bo that the elastic bearing will jield to an eqnal extent at al 
lensUi of the Teo^, which in evidently contiary to fact. 

The other requiiemonta of a floatiog do<^ are EtalnlitT, rentilatiin], tadUty for repair of the dock 
itself, and a minimnm expenditure of poirei and time in liftjng the dock. The materiab em^ojed 
■hould be arranged in enoh a toamier aa to obtun a maTiminn of rtcength from a tniaimam of 
material ; and the dodgn Bhoold be one admitting of many re^titiona of a feiT foraB, aa aa to allow 
of the work being done to a few standard templates, avoiding aa far aa poaiible any neceauty for 
welding heats and smith's work. 

As regards the question of stability, the diSScalty is experienoed not when the dock ia laiaed 
with the aurbce of il« floor fairly above the water, bat during the time that it ii in the act of 
raMng or lowering a veaael. The stability of the dock when raised is great, as illustrated by 
Pig. 9SS, where A repreienta the centre of grantr of the dock with the Teasel, B the centre u 
buoyanoy when the dock is not heeled over, and the new centre ot booyancy when the dock ia 
heeled over. It will be seen that the new centre C is &r outaide the perpenmcnlar from A, and 
that there is therefore a strong tendencr for the dock to ri^ht itselt But wheu the dock haa 
been sunk so that the bottom ia entiruy below the water Imei then some oontriTanoB most be 
resorted lo not merely for keeping it &om sinking but also from tarmog over. 



Wheu the vessel in the dock ia equally loaded on each side of its centre line, and is placed on 
the keel blocks perfectly in the centre of the dock, then during the raising of the dock the whole ia 
&ee from any tendency to tnm over, bat at the nme time is in a state of nnatable equilibrium. If 
the dock heel over a Uttle the causes which would increase its inclination and turn it over are, that 
the centre of gravity of the ship and dock are no lon^ over the centre ot rapport, and that the 
water remaining not yet pumped out shifts its position in the dock. 

If a floating dock, made without any longitudinal water-tight bulkheads, were half-full of water, 
and were lo be heeled over sideways, so that the surface of the water ahonld extend as a diagonal 
from comer to oomer, the result would be to shift the centre of gravity of the water to A, Fig. 989, 
one-third the width 6C the dock from the lower side. But if the dock haa one longitudinal water- 
tight bulkhead along the oentre. Fig. 990, then the same amount of heeling over will cause the 
surface of the water to assume the ^pe shown in each oompartment, which may be looked on 
aa being in two eqnal parts, a pnrallelogmm and a triuigle. The oeutre of gravity of the two 
parallelograms B C, D E, will of oourse be the same as before the dock was heeled over, while the 
oentiee A A of the triangles being one-sixth of the total width from their lower ends, the oommon 
centre of gravity G of the two will be at one-twelfth of the width from the centre of the dook, or 
only half the distance of the centre of gravity in the former case, so that the effective moment tending 
to torn the dock over ia only one-fonrUi of that which it was without a bulkhead. Bimilarly if three 
bulkheads were put in so as to divide the dock into four compartments, the effect of the water in 
taming the dook over would be reduced to oiie«iiteenth of wlut it was when there was do bnik* 
head ; and ^erally the tendency of the water to turn the dock over, when it is at all inclined, 
diminishes in the mtio of the squares of the number of chambers into which the dock is divided. 

A A, Figs. 991 and 992. which are of a dock constracted by F. J. BtmuwpU for Bt Thomas, 
West Indies, on these principles, are the main longitudinal girdeis, and B the separate tiansverae 
water-tight pontoons forming the bottom of the dock. These at the ends receive the bottoms of the 
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nuin fide ffirden, niid aa moy one pontoon may hars either to anpport fbe ^iiden or to be puiialljr 
Boppoiled Df tfaem, the connection hns been made by Tery strong attaolunent* riTetod to the 
pontoons, and havin? ihanki extending down to the botbnn. Crow-plKtea are placed orer the 
diagonsU of tbe mam girders near Ihe junction of the diagonals with the aprights, and on these 
platca bc»r (tiDDg cotten, so that if oike of the pontoons irere quite fall of voter it ouold be lifted 
by the otben witboQt injury. 

The ship is supported in (be Oinal way npon the keel blocks C, which are provided with folding 

The bilges of the ship are supported by hinged bUge-ahorea N N, which are prorided with toR 
wood ape and wedges tn take the immediate bearing against the ship, and are upheld by pauls of 
two different lengths, so that when the range of the shorter paols is passed the fonger panls oome 
into play. These panls tahe into laok plates, which are supported on tnnsrerse timbers. The 
piaigtire prodqced by the bilge-ahraee is tranamitted mainly to the loogitudiual walci-tight balk- 
heads J in the pontoons. 

The bottom mpmtiers of each of the a»\a girder* A A are formed not only to resist extension, 
trat are prorided with sufficient laler&l stiSnees for resisting oompression, by being oamposed of two 
parmllel double girders P P. connected at the bottom by horizonla] strata and diagonal tiea. 

There are in all twelve Oonta T, one to esch of the two main girders A A; each float is 
4611. Sin. long, 11 ft. Sin. wide, and Sfl. deep. 

The deck on tho top of thii main girders A A of the dock is widened by brackets for a length of 
100 ft at the centre, and on this part are erected the eogine-honses W W, with workshf^ at the 

For the pvpoaea of working, the dock may be ooosidersd as divided into four independent 
•eetiona, Ua in each of Oie two engine-houses the engineer has the power of working, independently. 






the set of three pumps on the right, and the set on the left ; and the same with regard to the floats 
and the inlet vslTea. In order to lower the dock (or receiving a ship, the inlet valves are all opened 
to admit the water into the ends of the pontoons as for as the water-tight bulkheads J ; the central 
portion never requires to be filled. While the dock is sinking, the engines working the regulating 
screws U, are put to work at such aspeed as to keep the floats T b1 ways one-halt immsraed in the water. 
When the iock is sunk to the required depth, the inlet valves are shut, and the ship, which lias 
been moored close to the dock moorings and to the windward of the dock, is hanled in over the 
keel blocks, and adjusted by means of breast tackles and shores. The pumping engines are then 
put to work, and tbe dock is' raised nntil the keel blocks jnst take their beoring'sgalnst the vessel ; 
and tbe bilge-shores being hauled taut so as to secure the veeael thoroughly, the pumping is 
resumed, ana the screw engines are put to work at their slow speed, so that as the dock rises tho 
floats are still maintained j net about half immersed. 

A reason tor discarding tbe use of slips and lifts would be that they are dependent on the earth 
for their support This objection does uot apply to the sectional nor to the bolaoce dock, both of 
which have the advantage of being wholly independent of the land. 

Id the St. Thomas Dock, although the lower part is composed of six separate pontoons, for 
facility both of original construction and of subacquent examinntion and repair, the objeotion 
applying to the leotional dock of want ot rigidity is got over by the use of the strong side-girders. 
These are provided with a double set of diagonals, and have their top and bottom members 
made of sucn strength as to be capable of resisting a strain tending to depress either the middle or 
the ends. 

As regards atsbillty, the balance dock, mentioned at p. 455, gives nothing to fear so long as 
the upper sur^toe of tbe bottom Is fairly above the water, because on any attempt at heeling over 
the rectangidar bottom, produces a change in tbe tMsition of the centre of buoyance, so rapid com- 
pared with any slight inoiination of the dock, that the tendency to tight itself is very strong indeed. 
In Fig. 993, luking A B as the water line, the balance dock is shown fully raised and hedcd over ; 



458 DOCKS. 

and the power of restoring an upright position to the dock, under these ciroumstances, has already 
been fully investigated in reference to Fig. 988. Bat when the dock, while in the act of being raised 
or lowered, has ite floor wholly immersed, as shown by the water line G D, then the tendency to 
restore equilibrium is not so great, as the effect of the whole triangle £ F G is diminished by tliat 
of the interior figure H I K L. Moreover, there is at that time within the dock a large amount of 
water, the centre of gravity of which is, of course, shifted by the heeling over ; and the effect of 
this is most serious, unless a sufficient number of bulkheads be provided to subdivide it into small 
sections. From whatever cause the stability of a balance dock may have been disturbed, the effect 
of its sides to restore equilibrium, can be increased only in proportion to the amount of heeling 
over, and can never be caused to exert any .effect in excess of this. If therefore a balance dock baa 
once heeled over, it cannot be righted by its side, so long as the force which caused the heeling over 
is continued. 

With the side floats, however, in the St Thomas Dock the case is different, as the position of the 
floats in reference to the dock can be controlled as desired ; and in the case of anv heeling over an 
extra immersion can immediately be given to the floats on the low side, while those on the high 
side can at the same time be raised more out of the water. By this means, when the heding over is 
only slight, and the tendency to heel over further is also slight, the floats can be made to exert as 
great a oonnteraoting power as the walls of the balance dock would have when the heeling over was 
great, and therefore the tendency to go farther also proportionately increased. 




When a dock is connected with a tidal harbour, river, or other water-way, the surface level of which 
is liable to vary considerably, as with Excavated Docks, already treated at some length at p. 1234 of 
this Dictionary, the passage by which vessels gain access is provided with massive water-tight gates, 
constructed so that when closed the water is impounded in the dock, and maintained at a fixed level, 
notwithstanding the fluctuations of the outer water-way. To receive and support the gates, the 
passage is constructed with side walls, and a floor or siU tn. Figs. 994 and 995, the latter usually 
having the form of an inverted arch. In each side wall, recesses c are formed the full depth of the 
walls, and sufficiently large to allow the gates, when open, to stand back in them dear of the fairway 
of the passage. The area of the floor traversed by the gates in opening, and termed the gate platform 
c, is usually made level and somewhat below the lowest level of the sill ; the step from the sill to 
the platform, termed the clapping sill /, has a vertical face, and is shaped horizontally to form a 
water-tight junction with the gut^ when shut. Square ouoins a, forming the ends of the recesses 
near^ the dock, are solely for the purpose of protecting the gates, and should be of great strength 
to withstand the heavy blows to wmch they are subjected from passing vessels. The ends of the 
recesses farthest from the dock are the supports for the gates, and. require to be made of suitable form 
and strength ; they are termed hollow quoins k, and are generally constructed of massive blocks 
of granite or other hard stone, backed by counterforts of sufficient size and weight to withstand the 
thrust of the gates ; the most common form of hollow quoins is that which presents in plan an 
outline more or less similar to an ogee moulding* A modification of tliis form in use at the Liverpool 
Docks, is shown in Fig. 996, with dimensions for gates of 60 ft. span. These hollow quoins are set 
with the axes of the curved face strictly vertical, so that they form hollow curves extending the full 
depth of the wall to the level of the platform on either side of the passage, the hollow fwce of the bottom 
blocks forming the terminals of the clapping sills. The gates consist of two exactly similar water- 
tight doors, and the hinge or heel-post n of each gate is vertical and rounded, so as to correspond 
with the hollow quoins, the round of the heel-post fitting into the hollow of the quoins, and forming, 
together, the hinge about which the gate turns and the abutment by which it is supported. When 
moving, the gate is kept in place at the bottom by a pivot and socket connecting the heel-poet with 
the masonry of the platform, and at the top by an iron strap passing round the upper extremity 
of the hcdlow post, securely anchored into the structure of the side walls. Each gate is somewhat 
longer than half the width of the passage ; being similar, they meet in the centre line, and form 
with each other a more or less obtuse angle, having a convex side towards the dock. The meeting or 
mitre-post of each gate is attached to the vertical end framing of the gate, so that when the gates 
are shut the meeting face extends the entire depth, and coinci'les with the centre line of the passage. 
The meeting faces of the gates consequently form, when closed, both a water-tight joint and niutual 
abutment. When the gates are of a large size the weight of the gate is greater than can be allowed 
to remain in the attachment of the hollow post, unless means are adopted to reduce the working 
weight by the aid of flotation or otherwise, and even then it is necessary to provide against aoci- 
dente from defective fastenings. A frame or rest is then provided with a travelling wheel or 
roller, which supports the gate near the mitre-post. The roller rests on an iron way, laid on the 
gate platform along the path which it traverses ; during the pressure of opening or shutting the gates, 
provision is made by means of wedges, screws, or levers, fur adjusting the roller to the gate as the 
materials wear or circumstances require. As the roller path forms the segment of a circle of which 
the centre is the axis of the heel-post, it follows that the outer edge of the roller has to travel a 
greater distance than the inner edge in the same time. To avoid sledging, the rollers should be 
made conical to a corresponding degree, and the axle on which the roller turns should coincide with 
a straight line radiating from the axis of the heel-post. The method usually adopted for opening 
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■ad ibntting large gKtesiik^oteinorchaiiu, cm 
ofaain A, •tlftchedto the back aad froot rsapecUve 
poata. aDd as low down aa can cciiTenientlj be amutguu. 

The details of the opeoing and (hutting <£ dock gataa hare been preTioaal; dealt with in thia 
Dictioiwry. 

In all lirera and most barbonr*, water Ja more or lea* charged with solid mattiT and depoaita 
Mmaidrrable quaDtilie« of Bolid ; to Bciiar tbe gate pUlfi'iiu, bdJ prevent aiioh an aocumulBtion of 
solid *8 woultl interfere witli tbe working of gulea, a aeries of eniall openinga on a level with the 
platfonn are frequetitlj oonatmcted in the walls of Ibe gate reoesats. Theee optnings commanicata 
with culrerta/ which paaa under the side walls and the bolJow quoins and discharro into tbe outer 
water-waj. Cloughs or penstocks g are placed on the cnlverts to admit oT their being opnned or 
oloaed as leqniied. The cnlrerta, in addition to the faoilitiea thej offer for soonring, afford a me«iu 
of regulating the level of the water in the dook. Slnioe openings provided with paddles are 
b«quentiy oonttrncted in tiie gates. 

If tbe sDT&M <tf the water imponnded in the dook is at ■ higher level than that of tba outer 
water-waj, the preanre on tbe galea due to this difTereace in level has to be withstood, but 
conveyed to the side walls b; the stmctore of the gates. 



A. F. BUndy, in a paper read before the Institute of Civil Bngineera, 1879, points out that it 
the dock gate be Imagined to be divided by a series of erosa-sections into a number of vertical strips, 
each strip being of unit length and the full depth of the gate, then the total pressure of any such 
■trip will be the pressnre b? unit of length of the gate. 

Xet p = total pressnre on any strip as above, or the preainre bj unit of length of gate ; 
W = weight of water by unit of measnre ; 
D = depth of sill below highest water level ; and 
d =s depth of sill below loweat level of outer wnter. 

Thenj. = y(D'-rfO. 

The mntuat ai^lion of the gates on each other is in prnctico liable to vary ; and three eases most 
be considered ;— 

1. The gates may be eoostructed so that, wlien under pressure, tlie meeting faces of tlie tnitie- 
poets bear fair and true agaiuet each other, and distribute the mutuul reactloDs uniformly through- 
ont the width of the meeting faces. This is the normal condition of tilings. 

2. Foreign snbstances. such as chi|is of wnod, may intrude ; or the gates may wear, and become 
a little too short, causing them to nip on the dock, or inner edges of the meeting fncps. 

3. The galea may be a little too long, in which case they will nip on the onter edges of the 
meeting faces. 

" jT truly a pair of gatee may apparently be fitted, it wilt be imposalUe for the engineer to 
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throw the line of presaure either to the extreme inner or extreme outer edge of the meeting faces ; 
the effect of nipping will generally be to inoreaae or diminish the normal bending moment at any 
section by a quantity that may be very readily aaoertained from the methods of resolution by the 
pressures. 

In examining the effect of direct compressive stress combined with bending moment such as occur 
in dock gates, it is necessary to consider the effect on rectangular wooden botms ; and the effect on 
solid rectangular wooden beams supplemented by wronght-iron truss rods, as well as upon wroughU 
iron girders composed of flanges connected by the centre wheeL Also when the gate is built in 
divisions corresponding to the youssoirs of an arch, and either depends entirely on the arch fonn for 
its power of resistance, in which case no tensile stress can be allowed, or else is assisted by supple- 
mentary connecting pieces necessary for this form of gate, to combine the whole into one suitable 
structure capable of being moved and strained in various directions without dislocation. The wooden 
gates in use throughout the Liverpool Docks are of this type. It is necessary to reconsider here 
the effects of btresses on wooden beams. Where the gate depends entirely on the arch form for its 
stability, the joint between two divisions or youssoirs is the critical point requiring attention. When 
the gate is built in divisions of small curvatures, with the assistance of supplementary connecting 
pieces, the joint between two divisions may be still regarded as the critical point to be considered, 
and it may be assumed that the plane of the joint is made perpendicular to the axis of the gate. 
Although it mi^ht appear that this gate could be regarded as a form of bowstring-girder, the con- 
sideration woula be maoonrato, as there is nothing to transmit longitudinal streMOS from the bow 
to the string, the transverse bolts being insufficient for that purpose. When the action of a bending 
moment causes the gate to deflect, the result will be that the transverse bolto, although allowing the 
youssoirs and connecting pieces to slide on each other longitudinally, will retain them laterally in 
their relative positions to each other ; consequently they will bend through similar angles, and the 
total moment of resistance will be the sum of the moment of resistance due to the connecting 
pieces. The direct compressing force will be entirely on the voussoir and may be taken as acting 
along its centre line, whence the value of the bending moment may be ascertained. Blandy has 
suggested, in Uie valuable paper from which we previously quoted, that with gates of this form, 
connecting pieces should bie made of sufficient strength to withstand the whole of the bending 
moment if necessary. At the same time the youssoirs should be of dimensions determined by the 
timber to be made use of, and in fixing this limit it should be remembered that the maximum 
intensity obtained by ordinary methods of analysis corresponds with the maximum intensity on 
compressed fibres of a beam subject to transverse stress, rather than to intensity on a strut subject to 
direct stress ; for instance, if when designing an ordinary stmt, the working intensity is fixed in the 
ordinary manner at lOuO lb. on the square inch, then in the case of a dock ^te of the same materials 
the limit of intensity might safely be fixed also at 1000 lb. on the square inch notwithstanding that 
the maximum intensity may be double this. 

995. 
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The divisiotial, or youssoir principle, presente several advanteges for dock ^tes built of timber 
The timber used need not be of unusual dimensions ; the ^tes can be built m the workshop, and 
then readily removed piecemeal to their places ; they are easily erected, and, if properly oonstracted, 
will stend a considerable amount of rough usage, the last being by no means an unimportant 
qualification. Their construction, however, requires careful supervision and skilled workmanship^ 
which in some places may not be readily obtainable. 

As regards the general outline of these gates, Blandy's investigations point to the conclusion 
that the nearer a gate approaches the form of the true circular arch, the stronger it will be, other 
things being equ^; or, expressing the same thing in another way, with equal strengtii less 
matmids wul be required. In many instances, however, the connecting pieces become cumDersome 
and of awkward shape when the circular arch is adopted ; a difficulty which is to a great extent 
obviated with the pointed arch, the latter form rendering the gate more compact It will therefore 
frequently be preferable to adopt the pointed, instead of the circular arch, even at the sacrifice of a 
certain amount of timber, the wue of the latter being a mere trifle when compared with the total 
cost of a dock and ite fittings. 

In designing a gate of the pointed arch form, care must be taken to keep the bending moment 
within the limits of the momente of resistance, bearing in mind that as the curve of uie gate is 
flattened so are the bending momente increased. The jointe should of course be perpendicular to 
the forces they have to resist In fitting the gates, since it is impossible to force the heel-post as 
tight up against the hollow quoin as when the gates are under pressure, it will be best to make 
them as nearly true as possible, giving a slight preference in favour of nipping at the outer or 
concave side of the mitre-post, that is, to make the ^tes apparently very slightly too long. The 
water pressure and wear at the heel-post will soon bring them to their true form ; and in the mean- 
time, in the case of the pointed arch, nipping at the outer side of the mitre-post will tend to lessen 
the bending moment at the centre of the gate. 

With wooden gates such as those referred to, changes of form due to pliability of material may 
be neglected, if the strength is calculated on the assumption that the gate is subjected to the 
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extreme condition of nipping at the inner side of the mitre-post. When considering the effect of 
nipplDg, it most be lemembered thiit accidental nipping will only occur at isolated points through* 
oQt the depth, generally near the snrfiM9e-le?el of th^ water; and the effect will be distributed by 
means of Tertioiil framing, so as really to amount to but a small fraction of the normal stress. 
What may he termed stmctuial nipping is of more importance, and may be defined as that caused 
by the gates being a little too short, or by the faces of the mitre-posts beine cot to a wrong angle. 
But unless great carelessness has occurred in the fittings, and the faces of the mitre-posts are cut 
away to an extraordinary degree, the changes due to pliability will not inoresse the stresses, but 
ratiier diminish them. The effect of plia>»ility will be to flatten the curve of the gate when under 
presBure, and by so much to increase the bending moments ; 
out at the same time the meeting face of the mitre- post 
will have the inner edge drawn back, and the outer edge 
thrust forward^ so that the centre of stress will be trans- 
ferred from the inner edge to some point nearer the outer 
edge, and the bending moments will be reduced aoco»lingly, 
more than counterbalancing the increase due to the flatten- 
log of the curve. If, howeyer, it is assumed that the faces 
of the mitre-posts are so eut away that under any condi* 
tion of curTBture they can only meet at the inner edges, 
the change of form due to pliability may increase the 
stresses on the gata The bending moments throughout 
the gate when nipping at the inner edge of the mitre-posts, 
increase from notumg at the heel-post to a maximum at the 
centre, and again diminish towards the mitre-poet. The 

alteration of curvature under preesure will vary with the bending moments, so that the arc of the gate 
will assnme a somewhat elliptical fonp. As it is very flat, however, a close approximation may be 
obtained by assuming that the alteration varies uniformly, and that the new form, instead of being 
elliptical, is that of a circular arc, such as would be caused by the action of a series of uniform 
bending moments equally distributed throughout the length, and of which the moment at any 
point is equal to the mean of the actual bending moments on the gate. To be in excess this may 
be taken as equal to f tbs of the bending moment at the centre. 

Then, if K = the radius of the arc A O B under pressure, r = the radius of the arc A O B in 
the nomusl state, < = the distance from the neutral axis to the convex side of the gate, I = the 
mean of maximum intensities on the convex side due to the bending moments, and C = tlie 
coefficient of elasticity ; the new radius of curvature can be found from the equation 

B + f r+ « 
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If L = the length of arc in the normal state, ^ = the length of arc under pressure, t = the 
intensity of stress due to direct force ; — 
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The chord and versed sine of the arc A O B under pxessure will therefore be those of an arc of 
which / = the length, B = the radius of curvature. 

In the case of wrought-iron gates, there is presented for consideration the effect of direct stress 
oombined with bending moment on a wrought-iron girder composed of flanges connected by a 
centre web. It may be assumed that the girder is constructed in such a manner that the plane of 
action of the forces corresponds with the plane of the web, and that the flanges are perpendicular 
to this plaop, so that in the case of a dock gate, it is assumed that the webs are horizontal aod the 
flanges vertical. Practically, on account of the various contingencies to which a gate is subject, it 
is necessary not to reduce the thickness of the web beyond a certain limit, which usually exceeds 
that theoretically required to retdot shearing stresses. The thickness and oonseouently the sectional 
area of the web are questions for the personal experience of the engineer, but the smaller the 
web the less will be the total section required. In most oases the pructical method will be to dis- 
regard the web, and to find the dimensions of the flange opposed to the load, or back flange, and of tJie 
front flange, throwing in the web as a margin of strength. When the bending moments are small 
and the stresses comparatively light, as in the upper portion^f a gate, it may be desirable to take the 
web into consideration. This consideration would treat the system as if it was a girder with only 
one web, whereas a gate has several webs. In computing the strength, a p;ate may be taken either 
as a whole, and then proportioned throughout its vertical height, or it may be divided into 
horizontal layers, and the strength of each layer computed separately. As to the general form of 
a wrought-iron gate, there can be no doubt that theoretically the most advantageous form is that in 
which tiie water nressure produces no bending moment, when the line of centre of gravity of cross- 
section corresponos with the centre line of the gate, and when the centre lines of both gates form 
together one continuous arc of a circle extending from centre to centre of the heel-pouts and passing 
through the centre of the meeting faces of the mitre-posts. As lef^ards the rise, F. J. Bramwell 
has pointed out that the most economical form of gate is that in which a pur of gates when shut 
form a continuous arc subtending an angle of 133^ 5& at the centre of the circle of which the aro 
forms a part. The rise of the gates is thus equal to the width from centre to centre of the heel- 
posts multiplied by 0*32958, in round numbers when the rise equals one- third of the span. It 
would be useless to attempt to arrive at any general form for the investigation of the variation of 
stress due to alteration under pressure, as every gate must have its own peculiarities. Practicidly, 
if the strength of a gate is calculated on the bases of the extreme cases ot nipping at the inner and 



oater edges of tLe milre-pott, the iDereased etnas dne to alteratiou of form ncder pretsure m&j be 
■afely ignored. 

The most eaonomioal u not neceBsarilr the beet fonn of thit Important pari of a dork, and as It 
is a oompaiatiTslj smull item of the oost, its <iQtliQeii should be designed with a view to the general 
convenience and requinmenta of Jta oonstmcliun rathei than to the straotural eoonomy of the gate 
itself. 

Oatea with a targe rise and abarply curved backs require dtep recesses on the side walls which 
are not always admiiaible. A di^ep ba; in the fair line of the aide wall when the gate is open i* a 
source of inconvenienco to ehipa pauiiig throngh, and is to be avoided if praclioaUe. A. P. Blandj 
u of opinion that. For smatl and medium sized gates up to 60 ft. clear spans, the line of direction of 
the resultants is the continauos arc passing thrnogb me oentresof the tieel-post and of the meeting 
facesofthi! mitre-posts, and having its ceotie on the centre Uoe of the entrance, the rise or vetaed sine 
of this an being one-eixtb oF the span from centre to centre of the heel-poeta. The back of the gate 
is the half of a circle of suob a radius that at the middle of the gate it ooinoides with the ore of 
the gate. The front of the gate ia a straight line from heel to mitre-post ; with this form the 
recesses in the side walls will not be inconveniently large ; the faces of the galea when open will, 
with the ordinary fenders, be in line with the side wall of the entrance, and the gangway at the 
top will form one straight path with the coping of the side wall, convenient for the gatemen 
carrying heavy warps backwards and forwards. As to the gate itself, the form would allow apace 
for workmen to obtain aoiess to the interior for npnirs, and the width would give considerable 
flotation power. The straight face would permit of the gate being braced diagonally from the top 
of the heel-poet to the foot of the mitre-poet, and thus enable the greater part of the weight to be 
BOStnined by the anchor strap, to the relief of the roller. 

The depositing dock, Figs. 997 and 998, a form employed with much sQcceM by Olark and 
Btauideld, differs liom the othei docks in as much as tlie veasel is not merely raised out of 




at one end, by a strong vertical side, < 



la dry land : 
e employment of a serice of Angers or poatoms, 
on which it is raised. These fingas are rigidly oonneeted 
mpoeed of a very large tubular girder the whole length of 



the dock, and which holds eaob pontoon rigidly in its position, the whole resembling the teeth of a 
comb. This girder, or side as it is termed, is uf snoh a height that it is never quite submerged, 
althongh the pontooDB which are attached to it are snbmerKed sufSeiently to allow the vessel to 
float over them. It contains the eDgiDes, pumm, and valves for working the dock. 

In Fig. 907, A ii the aide of the dock, B the pontoons, and C the outrigger ; thia gives 
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atabilit; to the dock, which !■ teen with the veMel rcating apon iL In thit mm it maif be used 
sa ui ordinuy dock, the Teasel beicg eTcrjwhere nxnt oonTeiiieatl]' acoeaBiblo fni repaira. 

It ii nnt esKntial to hsTS depositiDg itogea in the flnt inrtance, but the opabilitiM of the 
dock do Dot full; come itito pl>j nnleaa these are provided. The atages nre iDdcpendent of (he 
dock, sod &re formed o( timbei or iron piles finnly seirared on the eround, and hnired together, 
funning a nnmber of nurow pieTd on which the vesael reata. These pit^n are about 5 ft. bniajl, kiid 
are tuuall; rrom 10 to 15 fL apart; the pontoons isrrying the veaaal upon them aie arranged at 
oocreapondiDg distiLQcea, ao aa to float in between ihem. When in tbu poeition, by admltliiig a 
little water into the pontoooa, the veaael ia lowered ou to the piera, whera it ii reoeiiird on keel 
bificka and bilge blocks ia the naml manner. Fig. 999 ia a plan of the atiige. the doited lines 
indicating a Teasel thus deposited on the pien. When the dock is removnl from beneath the 
Teasel, it ia ready lor repeating tbe operation. One dock can thus be used to rest and depoait a 



'5" ■ 

noniber of Teasels, and again lift Ihem Into tlie 



As the dock has only one side to it, special m 
at work ; tlits is effected by the outrigger C, Fie. 997, which ib . 

theaurfoce close to tbe dock, and ia pruTided with alii ling grooves attached to the dde; it m 

the dock in a hoiinmtal position as it riaea and (alls. The sLibility thus given may be made a 
grtAt as is desired, bot it is oeiullv arrangvd to equal that of a duck with two sides. In miaing b 
TCSM^l atie ia first brought over tne dock, aad secured in position by ropes and shores in tbe naual 
manner. Water is pamped out of tbe dock until it rises, and the vessel bears firmly on the keel 
blocka. Very broad, atiding bilge blcicka ore then haulul under tbe bilges of the veaael, «o aa to 
form an nnuBually brood and stable cradle, and the pnniping prooceiled with till the Teasel is fully 
niiacd. As r^arda the strnoturo, both the side and pontoons are divided into a number of senuate 
and watertight compartments, some of which are permanently sealed up, ao that it is impossible to 
aiok the dock cither by design or aocident. The middle portion of the pontoon, on which tha chief 
weigiit of tbe veoacl rests, is atrengtiiened by extra frames and bulkheads ; and as tlie pressure of 
the water on the submerged pontnons )s sometimea eqnal to IS Ib, a square Inch, a f^mework of 
iron ia arranged within them, and also within the side. 

The dock is oonstructed in two portiona, each of which la complete In itself, and is provided 
with a scpurate set of appliancea, so that either half nay be used for docliing smull vessels. Each 
half of the dock is also ai ranged In raise the other half out of tbe water, without careening, so that 
either pact ia readily accessible at any time for cleaning and repairs. In depositing tbe reaael, 
this can only be done when tbe water is at a oertain level, varyiug a few feet more or leas, which 
differenoe can be adjusted by the blocking ; where there is large Huctnation in the tide, the dock 
can only be used at or about high water; it is therefore desirable to arrange the poeition of the 
stages where tliere ia nn grpat Tariation of levels. The depth of water required between the stages 
is only tlint which is auSciont to float tbe pontoons, but at the aput where tbe dock is lowered to 
receive the vessel, a greater deptti, equal to its draught added to the depth of tbe pontoons, is 
necessary. The total depth may genernlly he taken as one and a h>ilf times the draught of the 
Teasel. If the general depth ia not sufficient for this, the space will have to be dredged out to the 
required depth (o receive the dock; when thia is arranged it is surrounded by a namownrk of 
timber, wliich ia first floated on in pieces to the spot, and then sank into poeition by being loaded ; tbe 
aides of the Framework project about a foot above the general level, and thus prevent accumnlation 
of sand or mnd within the apace. The dock is, however, provided with powerful mud pnmpa, and 
can at any time clear out its own body with facility. 

The pomps, engines, and valves are contained in the side of the dock, the pipes ore divided into 
four groups, controlled by valves corresponding to the four ooniers of the dock, so that the level ia 
regulated with ease. 

The ontrigger which ensures the borixontal posltioD of the dock when it is submerged, ia a 
broad, flat, shallow pontoon, the whole length of the dock, divided into several portions, whiob are 
again subdiTiiled into compartmenta. It is loaded with ballast antil it floats tu about half its 
depth. Each portion ia attached to the dock by slight cast-eteel slides, somewhat resembling the 
cross-head of a steam engine ; they slide np and down on strong H-shaped irons, whioli extend tbe 
whole height uf the hide of the dock, by an arrangement of pins ; any one of these caa be 
detached or replaced with facility, and they are so fitted thst they cannot set fast. As soon aa the 
outrigger, or spirit level placed on the dock shows that tbe latter has any tendency to rise or sink 
faster on one aide than the otlier, a aliglit adjustment of the valves will bring it hack to its proper 

Cltion. The ontrigger pontoons may be utilized for carryine a puir of shear-legs, so as to Ibrm a 
ting derriok. Thia can he detached and used in<lependently if necessary. It is stated that tha 
time occupied in dochiog a vessel of the largest size does not exceed two hours, and the lowering 
occopies about half aa hour. Bmaller vessels can be raised, righted, and lowerL-d again in abont 
--'^ -IT and a half. 



Tbe depoaitiug dock is not adapted to every situation, and Clark and Btanafleld hare designed 
a new dock, Figa. 1000 to 1002, termed a double-power floating dock, which was described to the 
Inititnte of Kaval Architects in 1879 by Latimer Clark. 



Fig. 1000 U a plan of the dock with a T«BBeI oDtlined npOD It, and Fig. 1003 aa end elentiun. 
BBoieroiiroorQertoweniigidlyattaohed to the body of the dock, and d' such a height that they 
have a Ereeboord of about 5 ft. Then the dock ie at its lowest lerel ; they are conatrncted with ail- 
tight oompartments ; theii object ia to odd to the stability while tbe dock is bdoK nuMd and 




lowered, and to nuUce the dock Dnainkable even if ell UieTnltea were pnrpoaely left open. A A are 
the sliding parts of the aides ; the; extend along the gnnter portion of the length of tlie dock, and 
eoDtefa the engines and pumps. C is the pontoon or body of the dock, which is pioTided with 
pointed ends, in order that the huoyancy may be principally given under the heaviest part of the 
vessel, and to enable the dock to be towed easily. 

Fig. 1001 is a side elevation with the ves^l raised, and with the sliding sidee AA lowered, so 
US to utilize theii bnoyanoy. The sides are guided in their movement by a great Dumber of steel 
elides attached to strong vertical 

side sboring frames ; these serve the leoi. 

double purpoee of shoring the veeael 
and acting as gnidea for (he movable 

The upper Ixii elide le first 
secured by two pint to the shoring- 
fratne slide ; the side of the do^ 
is DOW fi-ee to rise and fall, eliding 
thtoogh the box slides. As soon as 
the slide rises to the dedred level, 

Eins am inserted through the slotted 
oles in the box slide, and aa soon 
as these pins take their bearing, 
the holee wilt also be fair to receive 
other pins, which will keep the tide 
rigidly in poeilioa. The dock and 7; ^-:^^ ^ =^-—^ ^^^^ ^^ ^r ^ - -- ^ r-:^^^ 

attached. These slides occur every 
6 ft. on each side of the dock. 

The two engiDes drive centrifugal pumps, oonlrolliDg each side and each lateral half of the liodj 
of the dock. The power Is oommunioated from the sides to the pumps in the body of the dock by 
means of bevelled wheels, one of which is fliod, and the other alidea up and down on a grooved 
vertical shaft, fixed on the pontoon and connected with the pumps bolow. In very large docb there 
might be an advantage in placing the engines in the fbur ooroer towers, and in some cases the 
towers can be dispensed with. 

Before lowering the dock to receive a veesel, the sidps are Sxed in such a position that the 
dock is in the oidinuy form, and water being admitted in the usual manner, it sinks to the required 
level. 

The veesel having been admitted, and slightly lifted and shored in the ordinary way, water is 
pumped out oF the pontoon of the dock only, until the whole of its buoyancy has been brought into 
action. At this sla.ge of the operatloo, the vessel being half raised, the water in the two sides is so 
regulated that they are succeesively made just self-eupporting. and neither add to nor detract from 
the power of the dock. There are ready means for asoertaining this point. In order to oomplete 
the operation and bring the whole power of the dock into action, one of the sides is then unpinned, 
and water admitted into it until It deaeends to its lowest level, the top beinii allowed a Inboard of 
about 5 ft. : it is then rigidly pinned and secured tn its new pcdiioD, and the other side is lowen^ 
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and Beemed in a Bimilftr manner. It Ib now only neoeuaiy to pnmp water out of these sides to odd 
thi^r snlnnerged baoyancy to that of the doek, and so complete the operation. 

The hydnulic grid, designed by Clark and Stanafleld, is similar to Edwin Clark's hydraolio 
dock, but the presses are sunk in the foreshore of a rirer, and placed beneath the vessel to be 
raised ; the heavy guiding columns and oroas girders cau tlius be dispensed with, as is also the 
pontoon, ItB ^aoe oeing supplied by a simple wrought-iron grid, upon which the vessel is shored 
and raised. This effeote considerable economy in the oost of construction. 

DRAINAGE. 

In drainiag for agricultural purposes, a map of the land is first made from a careful survey, 
plotted to the scale of from 50 to 100 ft. to the inch, and the positions marked which may inter> 
fere with the regularity of the drains, such as large trees, rooks, and the like, together with existing 
swamps, springs, and open drains. The contour or horizontal lines of the land, that is, the lines ct 
equal elevation, are then dearly marked, as they serve to show the shape of the surface ; the method 
of effecting this has already been described at p. 2971 of this Dictionary. With the maps so pre- 
pared, the plan of drainage can then be decided upon. Where masses of underground rook are 
■apposed to exist, soundings should be made by driving a ^inted iron rod down to the rock. In 
most cases it will be sufficient to have contour lines taken at mtervals of 2 ft only, but in many esses 
the skilled engineer will stake out the drains at once, by the aid of level and rod for the flatter por- 
tions, and by the eye alone for the steeper slopes ; but this requires considerable experience. 

The outlet should be at the lowest point of the boundary, unless for some special reason it is 
necessary to sink an outfall other than the natural one, and it should be deep enough to take the 
water of the main drain, and laid on a sufficient inclination for a free flow ot the water ; it should, 
where sufficient &11 can be obtained without too great cost, deliver the water over a step of at least 
a few inches in height, so that the action of the drain may be seen, and also that it may not be 
liable to be clogged, by the accumulation of silt in the open ditch to which it flows. 

The main drain should usually be run as low down in the principal valley as can be arranged, 
with due regard to regularity. It is better to cross the point or the hill to the extent of increasing 
the depth for a few rods, than to go a long distance off tne direct course to keep in the valley, both 
because of the cost of the tile used in the main, and the loss of fall occasioned by the lengthening 
of the line. The main should be continued from the outlet to the point at which it is most conve- 
nient to collect the sub-mains, together with the water of several lateral drains ; the depth of the 
main is often restricted, in nearly level land, toward the upper end of the flat which lies next to the 
outlet, by the necessity for the fall, and the difficulty which often exists in securing a sufficiently 
low outlet ; where such is the case, the only rule lb to make it as deep as possible. When the fall 
is sufficient, it should be placed at such a depttw as will allow the lateral and sub-drains which 
discharge into it, to enter at its top, and discharge above the level of the water which flows 
ihroiigh it. 

Subsidiary mains connected with the main drains should be run up the smaller valleys of the 
land, ^rting the bases of the hills where the valley is a flat one ; witn the rising ground on either 
side should be a sub-main, to receive the laterals from each hill-side. As a general rule, the collect 
ing drain at the foot of the slope, should be placed in the line which is flrst reached by the water 
flowing directly over tUe surface, before it commences its lateral movement down the valley, and it 
should, if possible, be so arranged that it has a uniform descent for its whole distance. The proper 
arrangeoient for these collecting drains requires much skill. 

\l^ere springs are encountered, some provisiou should be made for collecting their water by 
digging a pit some distance below the level of the drain, and fllling it in with loose stones, Rni^^t 
or other rubbish, or the water may be conveyed away by a line of tile run directly to the main. Where 
a large shelving ledge of rock occurs in land to be drained, it is advisable to collect at its base the 
water flowing over ito surface, and take it to the main, so that it may not make the surrounding land 
nnduly wet. To effect this, a ditch should be dug along the base of the rock, and quite down to it, 
deeper than the level of the proposed drainage ; and this should be filled with small stones to that 
level, with the lines of pipe laid on top of the stones, a uniform bottom for the pipe to rest upon being 
formed. The tiles should be covered with inverted sods, to prevent the entrance of earth to choke 
them. The water falling down the surface of the rock will rise through the stonework, and enter- 
ing the tiles, will flow off. This method may also be used with springy hill-sides. 

The lateral drains constitute the real drainage of the flelds; we shall assume in speaking of 
them, that they are to be applied to one of the more simple foims of drainage, that in which a 
large tract of land of uniform slope is drained by parallel lines of equal length, all discharging into 
the main running across the foot of the flat. It is best, in practice, to approximate as nearly as 
possible to this arrangement, because deviations from it, although always necessary in broken land, 
are expensive, and present a somewhat complicated problem. The depth to which the water 
should be withdrawn does not appear to depend upon the character of the soil, but upon the 
requirements of the crops which are to be grown upon it; and as these requirements are similar in 
nearly all cases, it is the practice of experienced orainers to place the lateral drains at a general 
depth of about 4 ft. ; of course if the soil is underlaid bv rock, less than 4 ft., and where an outlet 
at that depth cannot be obtained, it is not possible to drain so deeply ; but where there exists no 
such obstacle, drains should be laid at a general depth of 4 ft., with a uniform incUnation. The 
distance between the drains may vary considerably in accordance with the character of the so 1. 
In tolerably porous g^und 40 or 50 ft. is sufficiency near for 4'fi. drains ; for the more retentive 
clays a distance of 18 to 26 ft. has been recommended ; but there are few soils in which it will be 
safe to place 4-ft. drains at much wider intervals than 40 ft. An empirical rule that has been 
successfully employed in the Ughter loams is, that 3 fL drains should be placed 20 ft. apart, and that 
for each additional foot in depth the distance may be doubled ; for instance, 4-ft. drains 40 ft. apart, 
5-fL drains 80 ft. With reference to this greater distance, it is not reonmmended in stiff clays for 
any depth of drain. 

2 H 
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Where neoeasary, by reason of insufficient fall or hard snbetratom, to go only 3 fL deep, the 
drains should be as near together as 20 ft. The direction of the lateral drains should be up and 
down the slope of the land, in the line of supposed descent Very steep and very springy hill-sidefl 
sometimes require firequent drains, to catch the water which has a tendency to flow to ihe surface, 
but this rarely occurs. 

In laying the plan for draining land of a broken surface, which inclines in different directions, 
it is not possible to make the drains follow the lines of deepest descent, and at the same time for 
them Ho oe parallel and at uniform distances; a compromise must then be made between the two 
requirements. The more nearly they are parallel, the less costly will the work be, whilst the 
closer they follow the slope of the ground, the more efficient the drain will be. No rule can 
be ^iven for these adjustments, but a careful study of the map and its contour lines will greatly aid 
in its detormination. Wherever practicable, it is desirable to have a fall of 1 ft. in 100 fU, 
although one-half of that amount, or 6 in. in 100 ft, is ample if the work is carefully executed. 

The lowest rate of fall which should be given to a drain in using a pipe is 2*5 in 1000, or 3 in. 
in 100 ft 

Agricultural drain pipes or tiles are made of the same material as ozdinazy bricks ; their manu- 
faotnra has been described at page 192 of this Supplement 

When burned they are from 12 to 14 in. in length, 1 to 8 in. diameter, and firom | to more than 
1 in. in thickness ; the latt^ measurement depending upon the strength of the dav and the size of 
the bore. They are porous to the extent of absorbing a certain quantity of water, but this porosity 
does not affect their use in drainage, for the water enters them not through their walls, but in their 
joints, which cannot be made so tight that they will not admit the small amount of ?rater that it is 
needful should enter at each space. Pipes may be of any desired form in section, but the round 
pipe with a collar is the only one which it is economical to use. Ground pipes should not be laid 
without collars, as the ability to use these constitutes their chief advantage ; the collars hold them 
in place, preventing the entrance of loose dirt in the pipes, and giving the necessary space for the 
entrance of water by the jointo. The usual sizes are li in., 2^ in., 3| in. in interior diameters. 
The sections of the 2|-in. pipes make collars for the 1|, and the 3| make collars for the 2}. In 
England 1-ln. pipes are frequently used, but 1| in. are bettor for the smallest drains. Beyond this 
limit the best size is the smallest that can convey the water which will reach it after a heavy rain. 
The smaller the pipe the more concentrated the flow, and, consequently, the more thoroughly 
obstructions will be removed, and the occasional flushing of the pipe, when it is taxed for a few 
hours to ito utmost capacity, will ensure a good cleansing. 

The following dimensions of pipes suitable for various areas may be token as reliable for drains 
4 ft. or more in depth, laid in a well-regulated fall of as low as 3 in. in 100 ft These sized pipes 
will not immediately remove all the water of the heaviest storms, but they will take it away &st 
enough for all practical purposes, and if the pipe« are properly laid, will only be benefited by the 
occasional cleansing they will receive when running more than full. 

Whenever it is possible to avoid it, no drain should have a decreasing rate of fall as it approaches 
Va outlet 

The l|-inch pipe will remove all the water which would fiaiU on the ground in a heavy rain in 
twenty-four hours, and tiles of this size are ample for the draining of 2 acres ; in like manner 2^-in. 
pipe will suffice for 8, and 8}-in. pipe for 20 acres, on the supposiuon that only the water which falls 
on the land, that is the storm water, is to be removed. For main drains when greater capacity is 
required, two pipes may be laid side by side. Where the drains are laid 40 ft. apart, about 1000 
tiles to each acre will m required ; the first 2000 ft. of drains require a collecting drain of 2|-iiL 
tile, which will take the water from 7000 ft., and for an outlet or ftom 7000 ft. to 2000 ft., 3|-in. 
pipes may be used, (dollars, being more subjected to breakage, should be provided in somewhat 
larger quantities. The pipes should be hard burned, and any rejected which do. not give a dear 
ring when struck with a metellic instrument, and overburned goods, such as have teen warped, 
contracted, or otherwise affected by too great heat, must be also rejected. 

The danger that drains will become obstructed if not properly laid out and properly made, is 
very great and the cost of removing the obstruction, often requiring whole lines to be taken up, 
washed, and relaid, with the extra care that is required in working in old and soft lines, is often 
neater than the original cost of the improvement. Consequently the possibility of tile drains 
becoming stopped up should be fully considered at the outset, and every precaution should be 
token to prevent so disastrous a result. 

Drainage of Mines, — In order to consider the subject of the drainage of mines, it is necessary 
to understand the manner in which water flows into the workings. The mechanical means 
^mpIoycKl to remove the water will be dealt with under the head of Pump. 

Sedimentarv rocks consist of permeable and impermeable beds, the latter composed of clays, 
^ndstones and limestones may oontoin various proportions of argillaceous matter, and the clays 
inay be more or less largely composed of arenaceous and calcareous substances, so that the degree of 
permeability may vary within very wide limits. Sedimentary rock consiSte of an aggregation of 
;9mall particles of prc-existent roclr, compacted by pressure, and often cemented together by the 
injQltration of mineral substonces. The interstices between these component particles are, when 
removed from the influences operating at and near the surface, always filled with water. A rock 
(Compacted by pressure will possess a greater water space than a rock of the same kind whose 
particles have oeen cementea together, because the cement partially fills up the interstices. A 
coropaci bed of sand will hold to each unit of volume a larger quantity of water than a cemented 
sandstone. The particles of argillaceous matter exist in a stote of extreme division, so that the 
interstices are insufficient to allow the presence of water ; therefore clay is impervious. As this 
Bubstonce is mingled with others, the interstices are filled up, and the argillaceous sandstone, for 
example, oontains a much smaller water space than the purely arenaceous rock. 
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When an aoceasion of water takes place in oonaequcnoe of rain, the qnaniity of water peBsing 
throngh in a given time will again obWonaly be proportional to the water space existing in the rock. 

It mnst not be assumed that beoanse the nature of the rock is snch as will give it a large water- 
bearing capacity that it is full of water ; rock beds of a porons character are frequently passed 
through without any water being met with, and that a stratum may contain water the oonoitions 
must be favourable to its receiving water. 

The source of underground water is rain, and the quantity received will depend upon conditions 
prevailing at the surface. If a lower and impervious bed is inclined, the water flows out of the 
upper and permeable bed towards the dip and the strike only, and not towards the rise, and the flow 
will be greatest towards the dip. These focts are to be considered in estimating the quantity of 
underground water likely to be met with. 

The land surface is usually formed by the upturned ends of inclined strata, and this is the case 
always to be considered in dealing with the water in undergpronnd workings. In such a case the 
permeable stratum can reoeive water only along the line of its outcrop, and the quantitv of water it 
can reoeive will depend upon the extent of that surface. Thus the extent of the absorbing surface 
is, as we have shown, to be estimated, not merely by the area of the stratum exposed, but also by 
that of the impervious strata which drains itself upon the former. 

Bock beds are divided by joints, and fractured by faults of dislocation, and the joint spaces may 
be flUed with water, and the fissures along the line of the fault may serve as passages throngh which 
water may flow in large quantities, or in which it may stand as in a reservoir. Existing under these 
conditions, water may be met with in the impervious beds, and in the igneous rocks ; and in mining, 
the tapping of one of these reservoirs or water passages occasions the influx into the workings of a 
stream of water called a feeder. 

The foregoing oonsiderations enable a survey to determine the quantity of water likely to be met 
with in sinlong at any given point, and to make provision against its entrance into the permeable 
strata by means of siuface drainage. A consideration of tho same facts will also enable judgment 
to be made whether a feeder is likely to be temporary or permanent, and also of the quantity of 
water it is likely to yield. 

In judging of the efiects of letting down the roof above which a water-bearing stratum is 
situate, the nature of the intervening rock must be taken into account. Beds of plastic clay sink 
without fracture, and shaly and marly beds may be broken down with a like result ; for though 
fractures may, to some extent, occar in these, the fissures will close during the descent, in conse- 
quence of the yielding character of the material, and the water will not be let down in such a case. 
But if the rock is strong sandstone, and especially if it is of coarse texture, it will be greatly frac- 
tured in its descent, and the fissures produced left open. In this case, if only a very thin imper- 
vious bed intervene between the water-bearing bed and the sandstone, or if the intervening bea be 
somewhat permeable, the water will flow down copiously into the workings. The near presence of 
a &ult is frequently indicated by an increasing degree of moisture in the rock. In the limestone, it 
ia a common occurrence to meet with caverns and wide passages through which large quantities of 
water are circulating. These are called pounds and swallows ; they are, doubtless, fissures which 
have been enlarged by the action of acid water. 

Various means are adopted to prevent the influx of water into underground workings. Of these, 
some are applicable at the surface only, and they have for their object the lessening of the quantity 
entering the permeable bed. A system of drainage at that portion of the surface at which the beds 
or the molts crop out will greatly reduce the quantity entering. Any such system must include, 
to some extent, the contiguous impervious beds, from off which the water flows to the permeable 
bed. Hollows and streams upon the outcrop demand particular attention; often it may be desirable 
to divert the course of a stream ; and in some cases it may be well to puddle its bed at certain points. 
An example of such a system of drainage is to be found in the basin of the Bive-de-6ier, France, a 
large portion of which coal-field could not have been worked, had the surface drainage not been 
provided for. 

In combination with the surface drainage, means are employed underground to prevent tlie 
entrance of water into the workings. The method of stopping back the water in shafts oy means of 
tnbbing has been described under the head of Coal Mining. Of the precautions to be taken 
against the entrance of water, the chief relate to the breaking down of the roof; great care shouM 
be observed not to let down, by the dropping of the roof, water from ponds, reservoirs, and streams 
at surface. 

The water which in greater or less quantities will always enter the workings of a mine, notwitli- 
standing all the means employed to keep it out, must be removed to allow the operations of excava- 
tion to proceed. It is apparent that the only way of freeing underground workings of the water which 
has flowed into them is to convey it to surface. When the workings are in a hill, and thus above 
the general level of the country, or above the level of a neighbouring valley affording an outlet, they 
may be drained by means of tunnels called adits, through which the water may be made to flow 
out. But when this favourable circumstance does not exist, the water must be pumped to surface. 
As the operation of lifting large quantities of water from great depths requires great power, tlie 
subject will be treated under a distinct heading. The principles of arranging the reservoir or sump 
of a pump Iiave been already described in tUis Dictionary under the head of Drainage. 

The drainage of sewers is a branch of sanitary engineering, and to the article upon that subject 
the reader is referred. 

List of Books on i?raina^<r.~STBVKN8 (H.), * Manual of Practical Drainme,' 8vo. Pabkes (J.), 
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Dredging m&chiiMB. to derelop their greKteet efflcieocv, sbonld be designed to suit ths ipedkl 
ohataoter of tbe ground on wbidi thej are rmuired to nork 

Notable ciftmplee of dredging plant are afforded b; the macbioM emplojred in nulElni; the Buei 
Canal. Tbe arrBneenient, Fig. 1003, pregented the great advantage of doing awnj with cnneB, 
balleat lighters, and espeoially wagKona for removing the spoil, which, mnning orer banks made of 
tnnd or wet clay broken np by Ihe bncketa, were oonetauttf getting oot of order. HoreoTcr, with 
die aid of a few torches the dredger coaid be worked by night as well a« by day. 

The dredgers with the extra long shoots, Figa. 1003, 1004, are fitted with a single backet 



frame 0, the foot of which ia ahead of the hull ; the hulls are 106 (t long and 27 ft. beam, 
Mid the npper tmnbler D is 48 ft in height above the water. Tbe shaft of the engine carriea 
A dram wcniiig two oeDtrifogal pomps for eupplying watar to bcilitote the discharge of the qnil 



tbioagh the shoots The length of the shoot C from the oentre of the dredger is 290 ft, and its 
MOtioD is a half ellipae, 2} ft. deep and 5 fL wide; the width of the vertioal well into which the 
bnckets disobatge the spoil being greater than Uiat of the shoot, a tapering junction is made of 
■s great a length as posuble. The shoot is stiffimed lengthwise by two lattioe girders, which rest od 



the bottom of an iron lighter F, placed at about one-third of their length from the dredger; the 
npiights O supporting the shoots are not ftied to the bottom, bnt jointed to a large horiiontal 
spindle placed lengthwise in the lighter, and paaatng along its centre of displacement. A horiiontal 
hmge couples the shoot to the digger, and allows of its inclination being altered ; ttiis joint is 
covered by a piece of leather and Iron, being fixed to the dredger only. . In order to allow of 
changing the inclination of the shoot, the uprights Q reating on the lighter are made le1e«opic. 
The shoot is lifted by two small hydmnlio prensea worked by band; blo^s of a suitable thiokneM 
are then put into the slides of the uprights Q, and the whole is balled together. 

For the purpose of faoilitatiag the transport of the shoots, tbe Itamework sapporttng them ia 
cnt in two horiioDtally at>ove the slides just mentiooed, to that when Uie shoot is delacAed tttna 
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the dredcer, it can be timed cm ft M>it of plstlbmi and broag-bt Into a podtioD tengthwiae with th« 
lighter, the outer end being pat upon a boat for that pnipose. Aa it [a neeeanry that the dredgel 
in trnveniDK aoroai the raoal ^m Bide to Hide ahould carry ita shoot and lighter with it, the 
lighter » oonDecCed to the dredger transverKl; bja pair ofphains, H H.Fig. 10O4, with horiiontal 
■tmtB at right angles to the two bulli lit serre as distance piecea ; and a Beoond pair of nhaini J J 
run from the stern and bu<r of the dredger to the boir and atem of the ligbter, wherebj' tliey ara 
Mcnrel; itajed together longitudinally. A. pair of iron framei K K fixed to the dredger, and 
reatiog on the lifter and attached to it, make the two hnlla like one pieoe in their vertical 



The swinging moTement of the dredger ii performed by meana of chsloB L L, Fig. 1004, from 
the (bur comen of tbe dredger to anchon with very bioad and itrong flnkee. Theee chttina paea 
thnnigh ha wee holea S to 5 ft. below the water, leaiing mfficient depth of water above them for the 
beata naed on the canal to paai over the chains ; the hawae holea are foand to wear away very quiohly . 

Only one form of bnoket ia need, of elliptical aection and very conical, aa ahown in Figa. 1005, 
1006 ; and as thi« emptiea very eaaily, it has not been conaidered neoomary to try any other 
(brma. It ahonld be home in mind that, beyond a certain aiie, tlie baoketa empty very well even 
when they work in aticky claya ; becauee the adhering anrface of the apoil ia limnly ptoportioned 
to the aqnare of the dimeneiona, whereas the volume, and oonteqnently the weight la the apoii, la 




proportional to the oabe of the eame dimsnaionB. Thna the weight innreaaea man cjniokly than 
the adherence, and consequently the latter is alwava overcome beyond a certain limit ot 
dimenaionB, Fig. 1007 ia a plan of a portion of the chain. 

The npper tnmblera of the drrdgers, Fig. 1005, of which Fig. 1008 ia an elevation and aeotion 

Pig. 1009 ia part elevation and part section at the end. Fig. 1010 being a transverse aecUon at 

the centre — are made of caat iron, the ungle-piecea, consiatlng of a aqoaie ateel bar A A at caob of 

the four comers, passed through the flanges 

B B of the tnrobler, and secured by a key 0. j^^ lou. 

Each of the four wearing feces of the tn 



The following observations have been 
made aa to tbe manner in which the dif- 
ferent sorta of apoil pass down the ahoota of 
the dredgera. The fine sands, which are the 
only «mds met with, peaa easily down a shoot 
inclined 1 in 20 or 25, if miied with a 
qnantity of water eqnal to abont half tlieir 
own bulk. When the shoot has a leas in- 
clination than 1 in 2S,the water separates fhim 
the sand, which ia thus deposited all along 

the ahoot in layera of continoaUy increasing thickness ; tbe addition of a larger qnan^ty of water 
does not seam to hove any affect, and it is neceaaary to stir it up with a shovel." When the sand con- 
tains any shells, they are deposited io the shoot even with an inclinalioo of 1 in K), notwith- 
standing their Ughtneaa; and create roand them deposits of sand, which contmnally iQCreaw, 
and have to be got rid of with shovels, or better still, by inoreasing the inclination of the shoot 
In this case again an increased quantity of water is not so efacacioua aa mereasing the inolino- 
tion. Different degrees of flnenees and mnddinesa in the sand, and different aections more or less 
flattened of tbe shoots, require different inclinations of shoot. ■„,„,. 

Mod behaves very much like sand, if it is sufficiently soft to mix with wafer; and It will then 
Bern down a shoot set with scarcely any perceptible inclination. The very softest mad at Rnez, BOOh 
asthat got out of the old channels previoosly cut through the clay ground, does not require the 
addition of any water in the shoot. With clay it is quite diflfcrent ; the addition of water washed 
awftT only a very small qnantity of the material, and hardly breaks np the lumps at all. If 
Moh Innip of clay wore to elide perfectly straight down the shoot, all would work well; most 
cranmonly. however, a lump winds about and soon stops, and the contents of the neit bucket then 
drive it on 5 or 10 ft., and the whole incrsoaes the block. Others come after and lecreaae Uie 
stoppage, till the mass gets 12 or 16 in. in thickness and reaches to the top end of th 

■^- -' the succeeding buckets seem to break it np, and them '" - '" " 
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in piooes of ftbont S to 6 ft. longtb. The Bhnote for elsf am Imlined from 1 In 12 to 1 in 16. With 
nn inolination of 1 in 20 the loner end fret« ohobed, wliich tilt« tliftt end of the slioot down and 
empties it, the worlc being thiu carried nn liitenaittcntl;; witli an inctinatiou of I in 12 to 14 the 
work iB more legnlar. When the claj is mixed with sand, the emfaoe acta like a rasp, becanae the 
water washing awaj the claj makes the grains of sSind more prominent and outling, and thua 
■eems to bo rather detrimeatal. This U also tlie case when the bucketa briog up hard claj aUil 
mud ; the mnd lubricatce the cla; and taakee it ran down more easil;, whereas the water only 
wa«hee the mud una;. 

Eiporienco bna thus shown that whilst a ooosiderahle snppl; of water must be added to sand, it 
is not HO tor mnd or cin;, to whioh only just enoagb water most be added for moistening the mass. 
Jets of water have not given good reeufta ; tbey merel; wiuh dawn the poiots against which they 
are direoted, and do not hreak up the lamps. The dmpleet &nd moat couvcnient phin has been to 
put up a footway along the side of the (hoot, and keep tbree or four men at work with acrapers to 
prevent its ohohiiig. In tlie long-shoot dredgers, with slioota of 230 ft. length, an enrilo^te travelling 
chain E is employed, as in Fig. 1003, driven by the engine, Dud furnished with a serlea of serapera 
to carry the clHy dowo the ehoot Qenerally the greatest diEQculty with all kinds of spoil is in 
passing the firdt 10 or SO ft. length of the sboot ; when onoe the material has passed this with any 
given inoUtiBtion, it continues moving on down the same inolination without further difficulty. 

An efflcionttool for difflcnlt ground is R. J. Ives' eicavutor for stiff clay. Figs. 1011, 1012. The 
eioavator look, at the back, is Erst pushed into plaoe, a light line being attached to the lock. The 
blade is now open oi vcrtieal with the monkey gnide-rod, in which position the excavator is lowered 
on to the bottom to he dredged, where the apparatus is kept upright by the lowering chain being 
held lUghtly taut. The monkey is now worked up and down the centre guide-rod, by the line 
attaobcato it, leading over a pulley fixed on a staging at tbe top. The monkey, being allowed 




to fall by its owe weight, gives a sharp blow to the head of the excavator, and drives the blmle 
into the gronnd at each blow. Afti^r a sufflcieot number of blows the looking gear is pulled, 
which draws out tbo locking bolt, and releases the blade from its vertical position ; when ibis has 
been done, tbo lifting chain is hunled by the ciuh, and the blade dragged out of tlie ground with 
its load, in a position at right angles with the monkey guide-rod. Continued buulingoa tbe lifting 
chain brings the whole to the SDrfaoe where the mnteriiil so excavated is tipped. Tite locking 
gear is again pushed into place, and tbe apparatus lowerrd into the clay bottom for another opcmtion. 
Bull's dredger, Figs. 1013, 1014, is lowered by a crab and tackle working from a pulley tlied to 
a gallows or sheer-legs, erected on a stage. Before lowering, the dip or doable pin, Fig. 1013, is 
inaertod into holes in the two segments ; this keeps the dredger open until it reaches the bottom, 
when tbe clip is withdrawn by means of a stout cord. The lowering chain attached to the 
cbaiQB working in guidos and small rollers at the four oorners of the dredger, is then nulled up 
fclightly, agitated, and lowered. Bv tliese means the jaws of the dredger are gradually drawn 
' ' " 'or loose material. The number of times the chain is so pulled 



toother, (Cooping up the sand o 
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dq)eiiili on the nuteriU to be dredged. With locM soil the jaws soon meet, when the dreii^r U 
drkWQ up, opened on the stagiDe and tbo msleriBle ThU out ; the clip a then agniu iiuerted, nod 
the openition repeated. Id sand, the time occupied for each operatioD of loweriag, dredging, and 
lifttna; is flte or aii minaica, where the distaoce ttota the top of the Btaging to low water ia 2S ft. ; 
bomTow water to the bottom of the Curb, 46 R. 

The dredging apparataa, Fig*. 1015 to 1026, ia designed by 0. Fonracree, and ased in ladia ; it 

' ~ti of two aegmental *coop«M, hinged on a crosB-hoiLd firmly welded to a wrought- iron spear L, 

~d b; ake; to » light wooden ipetu C. Two metal aallan,WX, elide freel; on thefieepeare. 





the npper is connected to the ecoopa bj a light iron rod T, and the lower by two chaina. One and 
of each of these chaine Is connected to the collar, and the other, after passing throngh one of the 
■heaTea P, u attached to one of the aemicircnlar angle-irons O ; the chain on Ihe right band of 
the ipear being attached to the anglo-iron which ia riTcted to the right scoop, and the chain on 
the left of the angle-iron to the left scoop. These chaina thoo croas «ich other around the sheaToa 
P, and nnoe the aemicircnlar angle-irons aleo croas at the same point, the chains when placed 
in tension tend to close the scoops one npon the other in the poaition, Fig. 1019. The angle-iron 
rireted to one scoop wraps itatlf ronnd the other acoop when the bucket ia opened, as In Figa. 1017, 
1018. Both the angle-irons are chipped and filed to a segment of the tme circle on theu upper 
edges, which bear against friction rollers reToWing on the aamo pin which carries the Bheares Q, 
and that tends to preserve the angle- irons in their proper ahape. The sliding collar W has a aheave 
within it, round which the main lifting chain B is roTe. When working in soft soil, ihe chain B 
is attached directly to the oollar W, and when in hard soil, power is gained by passing the 
chain thiDngh the ebedTe, and fiut^iing the end of it to the spear, ai in ^. 1019. Thia main 
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chain is worked over the head of the cnne, Fig. 1020, stope B and S being provided to prevent 
the Bcoops overmnning themselves, and thus getting jammed. T is a float catch hinged to the 
top of one of the scoops, and when they are open, it hooks on to a Ing on the top of the other scoop. 
It thus ties the two scoops together at the top and prevents them from closing, ns the catch remains 
in its position. The hooks S, which are attached to the jib head, are so counterbalanced by the 



1024. 



1026 




weight K that they fall forward into the position, Fig. 1020, when the rope attached to them is slack. 
These hooks have sloping faces at their lower extremities, so that when the clutch collar X rises op 
to them, the projecting arms of the collar push back the hooks and rise past them ; when the arms 
are above the hooks the latter fall forward and support the arms so as to prevent the collar from 
returning. In this positipn the main lifting chain may be lowered and the whole apparatus hangs 
by the hooks H on the jib heeid ; the entire weight is thus thrown on the collar X, and the scoops are 
drawn open into the position. Fig. 1017. The lever E is centred on the jib head, and has attached 
to it a cam which bears on a shallow rack fixed to 0; on pulling the rope attaolied to the 
lever, this cam jams the spear in the guide so that it cannot rise. V V are leather valves which allow 
water to escape if the bucket is not filled with mud, but which are dosed up, and retain any solid 
matter the scoops may cut into. In working, the main liftiug chain B is attached to a winding 
engine, or to a crab winch, or through a machine which will enable the man who regulates the 
machinery to wind up the chain or unwind it, or hold it stationary at any moment. The dredge 
is lowered into the water in the position Fig. 1017, by unwinding the medn chain. While being 
lowered the chain is tight, as it bears the entire weight of all the movable parts of the dredge. 
The strain on the main chain tends to draw the travelling collar W upwards on L ; this tightons 
the closing chains, the strain on which, acting on the semicircular angle-irons O, tends to dose 
the scoops of the bucket. The catoh T, however, holds the two scoops togedier at the top 
and prevents them from closing. In this manner the wooden spear C descends, the bucket sliding 
freely on tlie guides D and E ; when the bucket reaches the bottom, which it generally does with 
somewhat of a blow, if the engine is run quickly, the scoops rest on the surface of the mud if 
open slightly, and the strain is taken off the catoh T, which immediatdy rises out of gear by the 
floating of the ball attached to it, the scoops are released and free to close. The stops 8 prevent 
the scoops from opening more than is sufficient to release the catoh T. Upon the scoops reaching 
the bottom, the attendant reverses the machine and winds up the main lifting chain, at the same 
time the lever E is pulled over bv the rope attached to it, and jams the spear tightly on the guide. 
As the main lifting chain ascends, it draws the collar W upwards on L and with it the chains, 
which cause the angle-irons O to press the sooops into the material in which they were resting. 
The spear is meanwhile held fast bv the lever ana cannot rise; thus the scoops are compelled to bite 
into the soil. But if any other hard matter is met with, the pressure on the spear causes the cam to 
jump out of the shallow nick and no damage is done. As soon as the bucket is closed, which is 
known by watehing the point to which the collar X descends on the spear, the lever is released 
and the apparatus rises to the surface by the continued action of the mam lifting chain ; when the 
bucket dears the water the crane is revolved, until the bucket hangs over the mud punt alongside, 
Fig. 1026 ; as the clutch collar X rises the projecting arms push back the hooks, which inune- 
diately afterwards fedl back into position underneath the arms. The winding of the chain is then 
reversed, the rods Y take the whole weight of the apparatus, the spear and heavier parte descend, and 
the scoops are pulled open pertly by the weight of the contonto and partly by that of the descending 
parte, the whole of which press u|)on the cross-heads of L, and thus tend to open the scoops, 
when they are wide open the stops B bear on the spear L, and the catoh T falls automatically into 
position, catehing the other scoop. The dredger is now ready for another bite, the slack of the 
main lifting chain being taken up, and the weight of the apparatus being removed from the hooks U, 
sufficiently to enable them to clear the arms of the clutoh collar. The liooks are then drawn back, 
the crane revolved, and the operation repeated. The engine, or vrinoh which it works, hJas to be 
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revened three times dturing each lift : after lifting the datch collar fh)m the hooks when it has 
to be reversed to lower the bucket ; after the backet reaches the bottom when it has to be reversed 
to lift ; and when the bucket is over the mud punt in order to empty it. In the dredg^^ con- 
strueted upon this system, the rapid reversal of the motion of the main chain has been e&cted by 
aliding-forkB on the crab, which move direct and cross straps alternately on the tight pulley. 
Fig. 1062 shows the dredger complete and arranged for operation. 

The dredger was first started for Indian canal work, with the reflating apparatus designed by 
Fouracies, being secured in position, as shown in Fig. 1024, by a | -strut, the base of which was 
fastened to the bank by two pins. In this figure T' indicates the towing path and S' the slope 
of the embankment The further end of the strut was fitted with an eye, which worked on a 
pin attached to the stem of the dredger at A. This stmt fixed the point A, and the dredger was 
only able to revolve about that point as a centre. To the other end of the dredger a piece of 
quartering was attached, working at B on another pivot similar to the one at A. This quartering 
was of sufficient length, to allow the bow of the dredger to be moved a few feet beyond the centre 
of the canal. The quartering was marked into divisions of 4 ft. each, which was the width of the 
bite of the bucket After the bucket had taken its firbt bite the boat was pushed off the distance 
of one of these divisions of 4 ft., by men on the bank working a small twofold tackle. Thus, each 
time the bucket was lifted the dredger was moved out the distance of 4 ft, and the bow of the 
dredger compelled to work in the arc of a circle. If it was found that one bite of the scoops 
was not sufficient to clear out the canal to the requisite depth, two or three bites were taken at the 
same spot or the dredger was ran a second or third time over the same arc. When it was necessary 
to move the dredger forward to work on a new arc, the f'''^^ ^^ ^ ^^ shifted about 2 ft. 6 in. 
along the bank, that being the width of the bucket used ; and the dredger was thus set to cut 
another arc parallel to the last 

This arrangement, though an excellent one when working near a bank, or in a narrow canal 
where there is much traffic, was not found useful for dredging a channel of 50 ft. down the centre 
of the canal, which was the work required to be done, mdeed it seems doubtful whether a well- 
arranged system of anchors would not always be more convenient for working this dredger. 
The Brrangement, Fig. 1025, was therefore adopted. A smidl gipsy winch A was fitted on two 
uprights at the edge of the dredger. A small capstan would have been more suitable, since the 
regulating chain B would not have jammed on a capstan as it did sometimes on the winch. By 
turning the winch A, it was easy to regulate the movements of the dredger, causing it to oscillate 
in the arc C D. Two anchors attached by ^-in. chains to a bollard on the stem of the dredger 
kept the noint I very nearly stationary, the action of the current tending to keep the ancnor 
chains tight. Occasionally, as the stream varied, the dredger would perluips float slightly out 
of its proper course, in which case the buckets might come up very nearly empty ; but this did 
not occur very frequently. When the dredger had worked up to the point D, the anchor chains 
were slackened and the dredger moved forward about 2 ft. 6 in. ; the man regulating the dredger 
then reversed the winding on the winch A, and gradually brought the dredger back to the point 0, 
and so on continually. Occasionally, when the anchor chains became long and the dredger was 
perhaps somewhat swept off her course by the action of the current, or when the anchor chains 
had been slackened by more than the proper amount, a ridge of silt would be left which the 
dredger had to be brought back to cut ; but generally the channel was out very clearly. 

fSyme difficulty was at first found in managing the mud punt in the stream ; the silt came up 
so hard and dry that it would not spread itself over the deck, and it was neoessaiy to move the 
punt frequently, so that the silt might be uniformly deposited. An arrangement of hooks on the 
punt and small bollards on the dredger was, therefore, adopted ; by this the labourers were able 
to draw the punt by hand into any required position, and fasten it to the bollards on the dredger by 
small pieces of rope. Two pairs of bullocks towed the full punts to the river, and brought the 
empty ones. 

Oil the works for regulating the Danube at Vienna, the work of discharging the dredged 
material out of boats, usually done with spades, or with skips raised by cranes, has Smu performed 
by redredging the material out of the boats, with a machine designed for the purpose. Staging 
is erected projecting from the bank into the river, and a beam, turning at one end on an axle 
at the top of the staging, carries at the other end a wheel. There is also a drum on the top 
of the sta^ng, and a chain with dredge buckets turns round the drum and the wheel. The 
beam is raised or lowered by a 5 or 6 horse-power engine, and it can also be moved a little trans- 
versely, so that the material may be readily and completely removed firom boats moored under the 
staging. The unloading is performed by a 12 to 15 horse-power engine, which raises 200 to 260 
cub. yds. of gravel an hour; but less than half this amount of work is accomplished when the boats 
are loaded with clay or sand mixed with mud. The material drops from the buckets into a shoot, 
and thence into waggons running on a tramway on the top of the stage, communicating with the 
land. A boat containing about 46 cub. yds. can be unloaded, and another boat put in its place in 
ten minutes ; and several of the machines have discharged 392,400 cub. yds. of material in a year. 
The dredgers have brought up twice this quantity in a year, the filling into boats being yerj easy ; 
so that one dredger supplies material for two machines. A staff of fifteen men is required for 
working one machine, including shunting and arranging the waggons in trains. Sometimes a fioat 
is employed, the staging being fixed on two boats with an intervening space for the boat that 
contains the material, and a movable platform, worked by an endless chain, is used for conveying 
the material beyond the shoot This form of machine is useful for embanking sides of rivers 
and making dikes. 

A dredging machine has been at work on the Garonne, oonstmoted by Popie, and consists of 
a shallow, flat-bottomed boat, 51*5 ft in length by 6' 6 ft. in width, fitted with paddles near the 
bows, which communicate with the dredger b^ a chain passing over a pulley, fixed on uprights, 
and under a roller on the deck. The scoop is an iron box, 2 ft. wide and 2*5 ft. deep, attached 
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to tbs end of m atroog beam which pauee tlmnigh a well hole, 14-8 ft long, in the bottom of 
the boat. 

When the boat is anchored in the Btretim, the force of the emreot, acting on the paddles, winds 
the chaiD on a windlass, dragging the sooop aloog the bottom of the rirer up through a well hide 
and above the receiTer, A leTei rod attached to ... 

the scoop enables it to be opened, aod the gravel 
ta be dUcharged by a ehoot into a boat moored 
alongside; after nhicb the chain is slackened 
and the dredger again lowered. The boat is 
made to draw on its anchoT b; a cog-wheel Bied 
on the axle of the paddles and working on a 
winch. When tbe Btream is not suMolently 
Btrong, a maa with a vriadlaBS can work the 

dredger. The paddles are raised out of the water bj means of two nprighta and polleya, when it 
is desired to stop work. 

With on ordinary swift oorroat at Agen, the; esn obtain one discharge of the Moop a mlnato, or 
65 cnlx yds. of gravel a da; of twelve honrs. 

Several classes of ballast bargee bnvo been tried ; 




wide. The advantage of thbi form la that the water brought up by the dt«dger flowi over tbe 
sides of the barge when it is oearl; full, leaving the sand almost dr;. It will likewise Ooat 



spring tides. Tbe hoisting machinei; is worku. 
1^ shaliinR. diiven by a 12 horse-power portable 
engiiie. The shafting drives two seta of gearing, 
workiDg each two grooved winding drams, 16 ' 



other is lowering. The skips hold 22J cub. ft. of 




weighing 1700 lb., and discharge their 



skip is 18S lb., makmg a total weight of 2189 lb. 



npon a platform immediately bebw. The weight of the emptv 



)tM-ijy^Ms^ggM°r^ 



On the Sue* Canal works, various fbrms of ballast barges were used, the dedgn. Figs. 1029, 1030, 
being atTBDgcd with bottom doors for discharging in the lakes. Pig. 1028 being a n>odific*tion 
""Ptea '■'«"«'»(«»; Pig* 1031,1032, aio arranged with sido doors for discharging in ahallow 

„„ The lighten with bottom doors are shown in Figs. 1028 to 1032 ; tliev are 108 ft long with 
23 feet beam, carrying 160 ouU yds. of spoil, and drawing 5 rt. of water. They ace fitted with 
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twin BcrewB and a pair of cylinders plaoed end to end ; the engines work at high pressure without a 
condenser, with a tabular boiler at 120 lb. pressore, using only fresh water. Whether loaded or 
light they make a good sjpeed of 3 to 8^ miles an hour, and although made specially for lake work, 
they can put to sea. Their construction is simple and economical ; and it is found that high- 
pressure engines are preferable to those of a medium pressure, as being simpler, lighter, and easier 
to keep in working order, and consequently more to be relied on for continuous work. 

DYNAMO-ELECTRIC AND MAGNETaELECTBIO MACHINES. 

A magneto-electric machine is a mechaniBm iutended to create electric currents by the help of 
magnetism. The term magneto-electric is confined to those machines in which the magnetism is 
obtained from permanent magnets. When permanent magnets are replaced by electro-magnets, 
the term dynamo-electi-ic is used. The term dynamo-electric is, of course, applieable to any form 
of machine, such as a Motional electric machine, by which work is converted into electricity, but 
custom has limited its use. 

The same principle underlies the sction of all magneto- and dynamo-electric machines, that the 
catting of a line or field of niagnetic force, by a closed wire circuit, induces in the wire an electric 
corrent. The direction of this corrent yaries with the direction of motion and the polarity of the 
magnetic field. 

If a bar magnet is introduced into a coil of insulated wire, an electric current appears in the 
wire, if the circuit is closed. Entry and withdrawal of the msgnet induces currents opposite in 
direction. An electro-magnet may be substituted for the bar magnet with similar, but generally 
enhanced, effect. These facts are those utilized in the construction of dynamo- and magneto-electric 
machines. 

Pixii's machine, inyented in 1832, consists of an electro-magnet attached to the upper psrt of 
a framework, siid a magnet arranged to reyolve rapidly before the electro-magnet, pole to pole. 
A handle and a pair of bevel wheels suffice to rotate the magnet. When movement is imparted 
to the magnet, its noles are made to pass successively before the poles of the electro-magnet. 
There is induceid in the wire of the coils, at each half revolution, a current which passes into the 
condacting wires. This current is alternately direct and inverse, and for many applications must 
be caused to take one direction. This is effected by means of a commntator on the axis ^ rotation, 
npon which press springs in connection with the conducting wires. The commutator consists of 
two halves of a cylinder completely insulated one from another by a bad conductor. If each half 
cylinder he connected with one of the poles of a voltaic battery, when the cylinder is at rest, 
the friction springs are affected by a direct current ; but when the cylinder rotates, the current 
collected by the friction springs will change direction. If the cylinder be put on the axle of a 
machine, so as to turn with it, and the one half cylinder be connected to one coil of the electro- 
magnet, and the second half cylinder to the other, the currents collected are always in tiie same 
direction, because the current in the electio-magnet changes its direction at the same instant that 
the friotu>n springs change on the half cvlinders. 

darkens manhine consists of a bundle of horae-shoe magnets. Before this bundle two bobbins 
are revolved, by means of a bevel wheel and small crown wheel mounted on the axle of the coils. 
The coils are wound on two cylinders of soft iron, connected together by the same metal. A com- 
mutator at the extremity of the axis redirects the currents. 

A. N. Bregnef s machine resembles Clarke's machine, but in the latter, however rapidly the 
currents are made, they are not absolutely continuous, whilst in the former, by modifying the 
rotating bobbins, there is obtained a perfectly continuous electrical current. A circular <uso is 
mount^ on a horizontal axis. Twelve bobbins are inserted in this disc. The bobbins are con- 
nected together as so many elements of a g^lvanio battery, and form one continuous length. The 
electrical condition of each bobbin, when in movement, may be inferred from Lenz* law, that an 
inverse current is induced when a conductor approaches a pole of a magnet, and a direct current 
when it is withdrawn from the pole. Buppose the whole armature of coils of wire to revolve 
from left to right, all the bobbins on the left will be traversed by a current in one direction, 
and all those on the right by a current opposite in direction, but equal in volume to the former. 
The apparatus may be compared to two distinct batteries, consisting of six elements each connected 
together for tension. To effect the union of the two batteries for quantity, two metallic springs are 
attieushed to two small uprights which are the terminals of the magneto machine. Twelve stripe of 
copper are disposed radially, and to them are attached the two adjacent ends of each pair of bobbins. 
The metallic springs act as current-collectors; and as they are always in contact with several of the 
radial strips, tney must always be traversed by electric currents. Hence the perfect continuity of 
the current developed by this machine, which is serviceable in cases requiring high tension but 
small quantity. 

Figs. 1033 to 1 036 are of the Brush dynamo-electric machine. The iron armature of this machine 
is in the form of a ring, and is attached to a hub. This hub is rigidly attached to the shaft 0, 
which when driven by the pulley, causes the armature to revolve in its own plane. The armature 
is provided with grooves or depressions, in a direction at right angles with its magnetic axis or 
length. These grooves are wound full of insulated copper wire. The sections of wire thus formed 
are of any suitable number. The advantage of winding the wire on the armature depressions is 
twofold ; — ^The projecting portion of the armature between the sections of wire may be made to 
revolve very dose to the poles N N and 8 S of the magnets, from which the magnetic force is 
derived, thus utilizing the mductiye force of the latter, to a much greater extent than is possible in 
the case of annular armatures entirely covered with wire, wliich cannot be brought very near the 
magnets. Owing to the exposure of a considerable portion of the armature to the atmosphere, 
^e heat, which is always developed, by the rapidly succeeding magnetizations and demagne- 
tizations of armatures in motion, is rapidly dissipated by radiation and convection. In the case of 
armatures entirely covered with wire, the escape of heat is very dow, so that they must be run at a 
comparatively low rate of speed to prevent injurious heating. 
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DiBtuetriculIy oppoaite Bectioita of the armature may baTs their Bnt or last ends joined together, 
and their lemaiuing ends copiiected with two segmenU of meCal of the commutator cylinder, which 
is carried by Uie shaft, and ia of iusnlatiDg matenal. The two metal segmeuti are placed diametri- 
cally oppoaite each other on the cylinder, and are eacli of a length leas than lialf the ciiciimfeienoe 




of tl'O latter, thoa exposing the inanlating oylinder in two places diametrically opposite each other 
and nltemating with the metal aegmenU. The two aegmenta S', and S', Fig. 1035, corri'apDnding to 
aeotinni 3 and 7 of wire, hold a position on the cylinder, in advance of thoeeof the preceding aectiaos 
8' and B<,to the aame angular exUmt that the sectioDa 3 and 7 in queetion are in advance of Be-'--~- 




2 and e. In Ihia arrangetpent the nomhei of aegmenta is equal to the oamber of aectiona, each 
segment being connceted with bnt one aeetion. Tneflratandlaat ends of each section can, however, 
be attached to two diametrically opposite segments, the commutator cvUnder in that omb being 
oonatnicted wilb double the number of aegmeuts aa in the former case, Uiiis maUog the number of 
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Mgrnents double the number of Beotioiu. Two metallic plates or bnuhes, insnlated from each other, 
preeB lightly upon the cylinder, at opposite points, so selected that while each section of wire on the 
armatore is passing from one neutral poiot to the other, the corresponding segments on the cylinder 
will be in contact with them. These plates or brushes collect the currents of electricity generated 
by the roTolution of the armature, one being positiTe and the other negative. When the section of 
wire is passing the neutral points on the armature, the plates are in contact with the insulating 
material of the cylinder between the corresponding segments, thus cutting the section, which is at 
the time useless, out of the circuit altogether. The necessity of thus insulating each section from 
the plates during the time it is inactive, is obvious, otherwise the idle section would afford a passage 
for the current generated in the active sections. 

During the time a section or bobbin is passing from one neutral point of the armature to the 
next one, an electric impulse, constant in direction but varying in electro-motive force, is induced 
in it. This electro-motive force, starting from nothing at the neutral point, quickly increases to 
nearly its maximum, and remains almost constant until the section is near the next neutral point, 
when it rapidly fiodls to zero as the neutral point is reached. 

The insulating spaces are made of such a length that each section or bobbin is cut out of the 
circuit, not only when it is at the neutral points, but also during the time when its electro>motive 
force is rising and falling at the beginning and end of an impulse. 

If the insulating space is too short, so as to keep or bring a section in the circuit while its electro- 
motive force is low, then the current from the other sections, being of superior electro-motive force, 
will overcome this weak current, ahd discharge through this section. If the insulating spaces are 
a little longer than necessary, no material inconvenience results. A suitable length for practical 
purposes is easily determined experimentally. It is necessary to adjust the commutator cylinder on 
the revolving shaft of the machine, with special reference to the neutral points of the armature when 
in motion, in order that its insulating space may correspond to the neutral points. This adjustment 
is made as follows. The commutator cylinder having been placed approximately in its proper 
position, the machine is started, and the presence or absence of sparks at the points of contact 
between the plates and commutator cylinder is noted. If sparks occur, the commutator cylinder is 
turned slightly forward or backward on its axis until they disappear. 

The presence of sparks, when the commutator is even slightly out of its proper position, is 
easily explained. If a break between a pair of segments and the plates occur while the corre- 
sponding section of wire on the apparatus is still active, a spark is produced by the interruption of 
tne current, while if the break occurs too late, the section in question will have become neutral, and 
then commenced to conduct the current from the active sections, and the interruption of this 
passage causes a spark in this instance. If the commutator is much removed from its proper 
position in either direction, the sparks are so great as to very rapidly destroy both the commutator 
and the brushes, while the current from the machine is diminished. 

When the fii^t and last ends of each of two diametrically opposite sections are attached to two 
opposite segments, the intensity of the induced electric current will be that due to the^ length of 
wire in a single section only, while the quantity will be directly as the number of sections. By 
doubling the size of each bobbin, and diminishing their numl)er one-half, a current of double the 
intensity and one-half the quantity of the former will be obtained. 

This effect can also be secured by connecting the first and last ends of the two opposite sections 
together, and joining the remaining ends to two opposite segments, Fig. 1034. This arrangement 
of itte cylinder with segments may be replaced by another, in which the last end of one section, 
and ^e first end of the succeeding one, may be connected with a strip of metal attached to the 
cylinder, parallel with its axis, as in the Siemens and Gramme machines. 

These metallic strips or conductors are equal in number to the sections of wire on the arma- 
ture, and are insulated from each other. The plates press upon the cylinder, in this case, at points 
corresponding to the neutral points of the armature, thus being at right angles with their position 
in the first arrangement. This plan gives fair results, but is subject to a disadvantage from which 
the first is free. The difficulty is that the sections of wire, when at or near the neutral points of 
the armature, contribute little or no useful effect, but the current from the other sections must 
pass through these in order to reach the plates, thus experiencing a considerable and useless resist- 
ance; and, owing to the opposite directions of the currents through the active sections on opposite 
sides of the neutral points, these currents, by passing through the idle sections, tend strongly to 
produce consequent points in the -armature where the neutral points should be, thus interfering 
with the distribution of the magnetism of the armature. 

The electro-magnets H, are excited by the whole or a portion of the electric current derived 
from the revolving armature. The arrangement in which the magnetic poles are presented to 
the armature is such, that a very large proportion of the entire surface of the armature, is constantly 
presented to the poles of the magnets, thus securing uniformity of magnetization as well as 
maximum amount. The iron segments B, Fig. 1101, constituting the poles of the magnets, are 
arranged on both sides of the armatures. These pieces may be connected at their outer edges, thus 
forming one piece, and enclosing the armature still more. Permanent steel magnets may be 
employed in these machines, instead of electro-magnets. 

, By diverting from extenial work a portion of the current of the machine, and using it, either 
alone or in connection with the rest of the current for working the field magnets, a permanent 
ficdd may be obtained. 

This plan is adaptable for electro-plating machines. If the external circuit be broken entirely, 
the magnetic field will in the former plan remain unimpaired, and in the latter remain sufficiently 
strong to effect the desired end. 

The cores of the field magnets are wound with a quantity of a comparatively fine wire E, having 
a high resistance in comparison with that of the external circuit F, and the rest of the wire in the 
machine. The ends of this wire are so connected with other parts of the machine, that when the 
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latter IB rnnoing, k current or electrioify conatftntly circolates ia tbe wire, whether the cxtenul 
eircait be closed or not. Tbe bigb resislanco of tbia wire, preventB the passftge through it oT mora 
than a staoll proportion of tbe whole current copable of being evolred by the machine. When this 
device, termed a teaser, is naed iu connoatioo with Seld mugaets, also wound with coarse wire, 
for the parpose of still further iacreasiog tbe magnetic field, by employiog the main cnrrent for 
tbis piurpOBe, then the teaser may be eo arranged, that the cnrrent whLdi passes through it will 
also circulate in the ooureu wire, thus iuoreasiug efficieucj. 



Fig. 1037 is of the Wallace-Farmer machine. In this machine the magnetic field ia prodneed by 
two liorseshoe electro-magnets, with poles of opposite cbataoter, facing each other. Betwe^i the 
arms of the magnets, and pasaiug through the upri^hls supporting them, ia the ehnft, oariTing at 
lis centre the rotating armature. This armature concitsts of a disc of cast iron, near the periphery 
of which, and at right angles to either face, are iron cores, wound with insulated wire, thus cousli' 
tuting a double series of colts. These ooils, Figs. 1038 and 1039, being connected end to end, tbe loops 
BO fflrmcd arc oonnected in the same manner, and to a mmmutalor of Bimilar constmction to Ihnt of 
Gramme. As the armntnro rotates, the cores pnss between tbe opposed north and soath poke of 
the Qcid magni't)'. and the current gcncmted depends on the change of polarity of the oons. Tbis 
coiistitntea a double macliiue, each series of coils, with its commutat'ir, being capable of use inde- 
pendently of the oUier ; but in practice the electrical connections are so mRde, that the currents 
generated in the two series of armature 01il^ pass through tbe field mngnet coils, and are joined in 
onoeiternal ci 




This armature exposes a largo nncovorod surface of Iron to the cooling effect of the atmosphere, 
but its oitcmnl form gives gn*t resistance to rotation. In the WBlIace-Parmer machine there is 
considerable htating of the nrmaturo, t)ie temperature being sufficiently high to melt sealing wax. 

Siemens and Halske's macbine, of IS54, consists of a ioD!>iludinul coil, the iron of which is 
cylindrical in form, lioilowod out parallel to its axis in two large and deep recesses, so that Its 
transverse section resembles an I. Tlio copper wire, insulated, is wonnd in the reoeues parallel to 
the alls of the cylinder, and, with part of the iron left uncovered, constitutes a complete cylinder. 
One end of the wire is soldered to the metallic axis of the cylinder, and the other to a metal ring 
insnloted on the extremity of its axis. The armatures of liio mHgnet embrnco the coil very closely, 
inst allowing its rotation. The coQ acts as tho iron keeper generally furnished to moguots tu prevent 
loss of power. 

The Alliance machine, invented by Nollet and Van MalJeren, Is constrnclod with a number 
of bronze platee each carrying at its circumference IG coils. These plates are DMunlod on 
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a horiiontal axle Kcliuted by « motor throngh a btlt, and revolvo betvaea eight eeriei of OOID- 
poand maffneta, ael ndiallj round the aiia, and snppoTled parallel to the plane of the plates by 
a Bpeciol fnmework. As each magnet haa two polea, one Beriea presents 16 poles regularly 
distanoed. There are an emwl number of poles and coils, so that when nue coil is facing a 
pole, the 16 others are also faring poles. Thc«e machines bave four or six plates oorrexpoiiding to 
6i ooila and 40 permanent magnetk, and 96 coils and 56 pennanent magnets respectively. One of 
the polea for the total corrent is attached to the al)e, which Is in commnnioation with the frame br 
means of the bearings : the other pole tennimLtes in a Kng conoentrio to the aile and insulated 
fmin it The current changes ilB direction eTcry time a bobbin passes before the magnet polos. 
As Ibpre are 16 magnet poles, there are 16 changes a revolutinn, and ss the maoliine makca 400 
WToIutionB a minute, there will be at least 100 changes of direction a second. 

At every change of polarity the intensity of the current should pus tcm. Thus 100 time* a 
leiwnd the spark (vases to play between the two carbons in an electric lamp, but the light docs 
not appear diacontinuoiu. This is owing ti> the persistonoe of light on the retina, also lh»t the 
true voltaic ho only produces a fraction of the electriu light, the remainder being due to the 
incandeeoenoe of the carbons. The tension of the current is insafficient to caniie tiie spark to play 
to Ihe diatanoe between the cold carbons, but when these are raised to inaindeBcenoe b^ the 
passage of the current, the smvonniiing atmospbere becomta better conducting, by the elevation of 
temperstnre snd the preaenoe of carbonsetoni paiticleei the duration of the intemiptionB being 
very short, the properties of the atmosphere ituronndiDg the CMbon have not time to become 
•ensibly modiflci^ and the anrrent recommences to^iaa. 



In Holmca' mftgncto.eIectTio machine for the production of light, Introduced in 1869, Pig. 1010, 
instead of the coils revolving befoni the magnets, the magnets revolve before the ooils. Part of the 
current prodnced is employed to magnetize tlie tlectro-magnetB; and the coils can give ssveral 
indepenilent circuits, and produce several independent lights in each circuit. 

Wilde's machine conslits of two Siemens' apparatus superposed and of unequal dimonsiona, 
with the modiflcatioQ that in the larger the magnet is replaoed by a powerful electro-magnet 
The upper and smaller machine Is intended to roagnotiie the elect ro-maRnet, and is tenucd the 
exciting machine. A longitudiiiiil bobbin revolves between the two arms of the magnet, develop- 
ing alternating currents, which are redireote-i by a commutator, and led to Ihe ekctro-magneta by 
two tenuiiials. Beneatli it a large electromagnet, the two bmnchcs of whiuh are coustructed of 
plates of sheet iron ; and for tlje elbow of the horsealioe is substituted an irou plate carrying the 
exciter. The poles of this electro-magnet are masses of iron seporaled by a copper plate, and form 
a cylindrical cavity in which icvolves tho second Biemens' bobbin. This part of tho apparatus ia 



480 DTNAHO-ELEOTBIO AND HAONETO-ELECTRIC MACHINES. 

oalled ths genFnIar. The two bobbins are ainiUr, bnt the diuneter of the larger i« tbree time* 
that of the other. The exterior oonducting wires ore atlBched to il« polea. Tbe inmlftled copper 
wires which corer the brancbea of tbe large eli-'ctro-mBgnet are r»rn«I to termioala of the exciu>r. 
By the aid of two dnring btlfg and a motor tbe two bbbbiiiB are caused to reTolre, the onaller 
with a Telocity of 2400 reTolatioiu a miaate, the larger witb a Telocity of 1500 reTulutiong a 
miDute. The currenti iiiduoed in the exciter maintAin the larger electni-DiBgii»t itronffly maguvtited, 
and the onrrenti in<luci-d in the generalor are utilized iu exterior work. Their intennity u greater 
tlian the current* from the eioitcr. 

Ladd'a maohiDS consiata of two parallel eleclnvmagneta ; at tbe extremitiea of theae ai« 
placed two Siemeui' bobbin! of different niiea. Tbe unall bobbin excite* the eleclro-magneta, 
and theae reaict on tliu ]ai^ bobbin which furoishee tbe working current. The wirea fiom 
tlie elcctro-niagnetii are ao ooonected that the ooetniry pulei will be in relation wbtn a airiKla 
current paasea. Tbu free mda of these wirea are carrii'd to ttTuiiiiuU, wbtro tbcy reoeiTe ttie 
currents from tbe small bobbin. Ladd'a machine is also basH upon the principle of mutual ucoumu- 
Ution, discovered by Wbaatstone, in whicli the exdtiug electro- magui^tii are includi-d in tbe main 
circntt, and by reciprocal action induce currents uf greut strength in tbe raTolTing portion uf tha 
machine, whilst themgelTCS fad from Ibis reTulving portion. 

Ttoui^'s macbine is composed o£ two or more electro-msgiiets in permanent magnetic contact, 
and participaiion in a rotary movemeot, like the trains of a rolling mill. Tbe magiietia and alectrio 
drcaits are both cloaed. Tha exits and entrances of the curreuti are made through tbe hollow 
axlea, wbioh admit in the oentre the insulated comluotora. Fig& 104L and 1042 represent fToot and 
aide Tiewa of thia maobine. It ooiuUtt of a strong, atraigbt electro-magnet, influencing a Kiisa 






of atraight electro-magnets, forming a cirenlar bundle. Tbe wliote tjratem i« act in rotary motion 
by tbe large eleotio-roagnet, which also scrres as a fly-wberl. The machine giTea either reciprocal 
or continoons currents according to the arrangrment of the commutator. It is either magneto- oi 
dynamo-elpctric aiynrding (o the employment of permanent or electro-magnets. 

If the motion is as indicated bj the arrow, all the electro- magnet^ dtfg, placed at the left 
r the perpendicular, passing by the centre or all . .> . ....—. 

lem, and generates in tlieir rsspective bobbins 
riglit of the perpendicular A Ij i, receding from tl 
ourivnts. A special oammutator ooUecta theae ci 
ration, nr to giTe them in tension. 

Fig. 1(43 represent! a Onimme machine arranged on this principle. H U' are two electric- 
magnets in permanent contact, by their opposite piilea, with the discs N N'. thus fonning a single 
ma^ot. for which one of tha discs serres as a ihank, and the ntlier as an armalnre. oonslituting a 
comi'letely rinsed magnetic circuit. Fig. 1044 represents in section one of the two discs N N', which 
are mounted on the common axle O, When they are set In motion, theT oommunicate a rotat; 
motion to the two electro-magneta, which influence tbem continually and tlius generate cumsts in 
the B>'riea of bobbins which fonn tbe discs. Tbe contact t>eoomea more oomplete between H H* 
and N N'. in proportion as the currents are stronger. 

A, Fig. 1107, is a laive electro-magnet, serring a* a fly-wheel to the crank C, or to a pnlle; 
mounted on its sile ; B B , a closter formed of the small electro-magnets dtfn h ij i ; L, tbe base. 
PP'P'P"', friction springs collecting the correnta generated in the discs; ( I't^extremificaortlM 
onila oT the electro-maguela. Thia machlDe yields for each, of its discs, a light cquiTalent l« 
4800 candles. 

Rapieffs machine eonsiats of sereral ring-shaped inductora AAA, Fig. 1045. and aereral 
armatures of the same shape and arrangement, BBB are disposed altenMtely side by side in 
planes normal to their oommoo axis, the spaces between them being rendered as small aa 
poaaible. The armetorea B B B are fltted on a oommon shaft, wherewith they are eauaed t« 
rotate, while the Inducin* AAA being aeean.'d on a ftameor itand, remain flxed; cw iuTnaely. 
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u termed two-sided indoction. 

To illastnte the priooiple of Qramms'B machine. Fig. IQIS la of a nu^etiied bar, A B. When 
A OMidnctiiig helix, id reoiprooal monmen^ la brought toward! tho Imt &inn its poaitioa at X, sd in- 




dneed cnrreat is prodneed. The current ia in the nme direction wliile the helix pasaee the middle 
H of the bar A B, nntil it Jeeves the oppoaite pole B. 

la the entire ooame of the helix on to and from the magnet, two distinct periods are to he 
dUtingniilied : in the flnt half of the moreoKnt the current is direct, and in the Bccmid it ia 
iDTerted. If, inite«d of moving from left to right, the movement is from right to left, everjtiiing 




occnrs as liefore, with the exoeption that the currents are opposite. If two magnets, A Band B'A', 
Kg. 1017, be plaoed end to end in ooutaot by poles of the same name, B B , the whole forms a 
single magnet with a oanseqnent pcnnt at the centre. If the helix is moved with relation to thia 
system, it is ttmvened b; a pnative oorrent daring the first movement between A and B ; b; a 
n^pttive current in the second, from B to B' ; again, b; a negative current in the third from B to 
A' ; and finally by a positive current when leaving A'. 



MSI/'- 



.\/=^.^ 



Beplacing tha sbaight ma^ets by two semicironlar magnets. Fig. 1048, pat end to end, the poles 
of the same name together, there occur the two poles A A', B B*, and the resnlta are the some as 
the preceding, MH' being the two nentral points. 

Tbe euential part of the Gramme machine is a soft iron rinp;, fumiahed with an insulated 
copper helix, wound on tbe whole length of tbe iron. The extremitiea are soldered logether so as 
to form a continnous wire without issuing or re-entrant end. If tbe wire is denuded exteriorly, the 
bared part forms a straight band running round the whole of the clraumference. Friction pieoes H 
and H', an applied to the bared part of the helix. Fig. 1M9. When the ring is placed l>e(bre the poles 

2 I 
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SuidN of a magnet, the «oft iron ia muKnctiicd bj indnotion. and there occur in the ring two polea, 
N' Bod S', oppo«ed to tlie poles S and N. If the ring TeTolrea between tbe polea of a pemuuient 
rangnet, the induced poles .developed in tbe ring remain in the uune relatioo with regard to the 
Iioles N and 8, and are subjeot to digplacement in the iron itaelf witL a velooitj eqnal, and of 




contrary direction to that of the ring. Whalever 
tho rapidity of the movement, Ibe poles N'S' re- 
main Bied, and each part rjf the copper helix ane- 
cewively will pass before them. 

An plement of this helix is the seat of a current 
of a certain direolion when traveraing the path 
M S M', and of a current of inverse direction to the 
fint when pnaaing through the path H'lf H. All 
the elements of tbe helix poaaoss the aame pro- 

SrtT, all tlie partd of the helix above tbe line 
M' - '■ • ' ' •- ■ '■• 



will be traversed by currifuta of the 
direction, and all parta beneath the line by a cm 
two eurrenta are equal and opposed, and balance 
posed of tbe ' " — ' 



nt of inverse direction to the preceding. Theeo 
. . , e another. As when two voltaic betteriet aom- 

mber of elements are coupled in oppostlion, it is neoessary only to put the 
a commnnivstioD with the poles common to the two batteries, and the 
currents become associated in quantity. Collectors of the current developed in tbe ring are estab- 
lished on the line M M', where Iho currents in contrary direction encounter each other. 

Insulatei) radial pieces R, Fig. 1050, are each attached to tbe iaaning end of a coil, and to the 
entrant end of the following coil. Tbe eurrenta are cr^llcctcd on the pieces R, as they would be oa 
the denuded wire. Tlitir bent parts, brought parallel to the axle, are carried throngh and beyond 
the interior of the ting, and are brought mar one anotliar upon a cylioder of small diameter. The 
fHction brushes on the pieces R are in a plane perpendicular to the polar line, and at the midilla 
or neutral points. The inlensity of the current increaeos with tho velocity of rotation ; the eleotro- 
motive foioo is proportionBl to the velocity. Effects of lensioo or of quantity or? prodnoei by 
vrinding the ring with flue or ooarse wire. With equal velocities of the ring the tension will be 
proportional to the number of oonvolntions of the wire ; but the internal n ' ' 
tame propoitinn. Thiok wires give the best results. 

Various machines have been constructed on the Gramme principle forei 

The first type of this apparatus a as horizontal, t" ' — — "~ 

oriliniiry Bunsen elcmeiils. Since the invention h, 

lab.jratiiry niacbiaes hsve been oonstruoted with magnets on this system. 



I the Gramme principle for experimental pnrposea. 
.1, and gave a current eqaivulent (o nearly three 
1 hy Jamin of laminated magnets, nearly all tbe 



Gramme's flrat light-machine gave a light of 7000 to 8000 candle-power. Its total wdght 
amounted to 2200 lb. It had three morable rings and six bar electrn-magnela. One of tbe ring* 
excited the elertro-magnet, the other two produced the worklnc; current The copper wound on the 

electro-magnets weighed 550 lb; that of the three rings, IG^ lb. The space required, SII inchea 
length, hy 4 ft. 1| In. height. This machine lighted the clock-tower of the Honses of ParliameDL 
It became alighlly heated, and gave sparks between tbe metallic brushes and the bundle of con- 
ductors on which the current was collected. 
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Pigs. 1051 BBd 1052, the ■•tt«r to sn enlarged BOtle, an of > mBcbine which oouIiU of two 
BUndarda of cut iron iimnged Tertieallj, and coDnected bj four iron bats Miring *» corea to 
clMtro-magneta. The aile la of Bteel, its bearinga are relatiTely wfj long. The oenlnl ring. 



loiWad oF a dngle wire attaohed hj equal eediona to a oomiDon oolleclor, Lb formed of two wirea o{ 
the aame length, wound parallel on the ioft iron, and connected to two collectors to reoeire the 
cunenta. The polea of the electco-magnet are of Lirge size, and embraoe seren-eightlieof the total 
circmnferenee of the central ring. Fonr brtialiea collect the currents produced. The eti-ctro-tnognct 
ia plaoed In the oirouIL The total length of the machine, iuclnding the pulley, ia 31} in.; its 
width, 1 ft. 9} in. ; and ita height, 23 in. Its weight is 880 lb. 

The double coil is oonnected to 120 condoctors, 60 on each side. Its ekterioi 4iameter is S in. 
The weight of wire noand on is 31 lb. The electro-magnet bars have a diameter of 2| in., and ft 
length of 15i in. The totul weight of wire wound onihe four ban is 211 lb. The winding of the 
wirea on the ring is elTected as if two complete bobbins were put one beside the other, and these 
two bobbins may be connected in tension or in quantity. Coupled in lensioD, tbej give a luminoua 
intensity of G40O candle-power at 700 rerolutiuns a minate : coujjled in qimntitj Uiey give 16,000 
candle-power with 1350 revolutions a minute. 

The following Table 1. gives the leculta obt&ined with a Gramme machine of the workshop type, 
a Serrin lamp, and Oaudoin carbons. The motive power employed diil not exceed 2 horse-power, 
when the machine was making 820 revolutions, and S bone-power at 900 revolutions. The lamp 
was distant 200 yards from the machine feeding it, and kept at a height of 15 ft. 











BtntatUm,. 


OI»mrft™ 1 LigbL 


Bourki. 






820 


fttt 

135 


246* 


The onrrent was too feeble to main- 






820 


67* 


3600 


lain the carbons ^ ia. apart. 






820 


SO 


4120 








S20 


15 


4800 


Distance apart 4 in. regnlarly. Work- 






S2D 


^i 


4896 








870 


135 


3200 








870 


67i 


4400 








870 


SO 


64S0 








870 


1.5 


8800 


Too high teosioo. The carbons heat 






870 


7* 


9040 








920 


135 


3616 


unsteady. 






920 


67i 


5632 








920 


30 


9656 








920 


15 


11362 








920 


7* 


11520 
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The electrioonrrent is prodnoed in Siemens' d7]utino^eotrloiiuabine,Figi. 1053 Bud 1054, by the 
loUtion of an inanlatod conductor of oonper wire or annatnre ooikd in MTenl lengths, Mtj 8, 12, 16 
np to 28, and in several layers, longitndinaU j, apon a oylinder with ft liktioiiarj iron oon n k, 1 1^ 
«o that Uie whole sur&oo of the annatomiicorered with loDgitndiiudwiiM and doted at both ends. 



Thu revolving annatoie ia enclosed to the extent of two-thitdi oTiti oylmdrieal tnuface by onrred 
Boft-iron ban. 

The curved bar* are the prolonpatiooi of the ooie« of the electro^nagneta E. The coils of 
the electro-magnet form, with the wires of the revolving umatQie, one oontinnoDs eleotrio circuit, 
and when the armatine is otrnsed to rotate on eleotrio oorrent, at flnt very feeble, i* indnced, by 



the remanent magnetism in the soft-iron ban, and directed throngh the colleoting brashes in 
electro-maifnet ooils, Ihos strengthening the magnetism of the iron ban, which again induce i 
more powmiil current in the revotving armature. 

At each revolntlon the maximum magnetio effect npon each convolution of the armature i: 
dnoed juet after it pMees through the middle of both msgoetic fields, which are iu a vertical 
passing through the axis of the machine. The mioimmn effect ia produced when in a pb 
right angles or boritoutal. 

Indu^ onrrents ore collected by bnuhea B, placed in contact with the commntator i 
position which gives the strongest carrenL 

The clrcnoderence of the revolving armatnre ia divided into an even number of equal 
each oMweite pair being filled with two ooils of wiiee, the ends of which are bionght ou 
attached to a commutator. 

The machine gives the following results for the various aizea: — 



istiU 

parts, 
t and 



Hone-powsr. 



Wt^L 



Only one Siemens or Serrin lamp can be burnt in the circuit of one of these machines. 

The Oramme and similar machines are revereiblo ; the rotation of the bobbin gives rise to an 
electric current ; and reciprocally, if a current travereea the bobbin, the latter is caused to revolve. 
Because of this complete reversibility, all theories should be eqnall; acceptable for both functions 



DTNAMO-BLECTBIO AST) MAGNETO-ELECTRIO MACHINES. 486 

or Um UMhine. Hie iinul dewMMtnitfoiis da not fnlflt this oonditkm ; but A. Bngnet haa tboma 
Uwt if tbe Gmnune ring ba condderad m u estonrion of Barlow'a wheel. tbeoreticKl *tewa can be 
tekat) of the fnAteet limplicitv. A* ii well known, BuloVi wheel con«*tt of « metallio oondaotoT, 
bent twice at right angles, aod mpported at (he middle of it> length on the {xdnt of a rectical axis, 
the axia of rotation of the aystem. The bent branches are pamllel with this axia, and dip at their 
lowet endi Into a circular oaoal oanhUnlng mercnir ; thii canal ia divided by ebonite partitions into 
oqiBl parts, which are Donneoted to the poles of a oatte^. The otinent fron the batterj paaaee to 
one seiniciTciiIar ranal of marcury, np one beat ana of the oondaolor, along the horizontal member, 
and down the other bent arm to the oUier aetnidicnlar canal of merouir. The whole apparatus is 
placed between the polea of a powerful pennanent magnet, so that the diameter formed b; the 
ebonite partitiona ia perpendicular to the line joining the magnet poles. On eomplelion of the 
cimiit, the eondnctor oommences and oontinaes to rotate. Breguel, to rimpllfy explanation, term* 
the diameter fonneit b; the partitions the diameter oF commntaticra ; and the msfnetio field 
developed by the comnla of the moriog parts, the galv&nic field, to aroid oonftuion with the mag- 
netic field properl; to Milled. If seTent convolutjona are sttbetitated for the single wire, the 
aoaieDt of reromag ttaae will be increased proportiooatelf to the nnmber of the oonvolutions, pro- 
Tided that the reeistanoe introdtwed by the Increased length of wire does not sGnsibly rednoe the 
strength of the current. 

If acontinnoasframebe formed, so that in four crasangs the wire on the upper part of the &«me, 
as it ia bronght ap, is at right angles to the cioning hj which the wire was carried down, an 
approximation to the Alteneok or Siemeos armature isobtuined, the commutation in this case being 
arranged by foor pieoes pendent &om the lower part of the frame. 

If an iron o;rlindrii4l ring be arranged so that the axis of this ring ia parallel to the axis of 
rotation of the wire oondnctor, which paaaes np the onteide of one diameter of the cylinder, down 
npon the inside of the o^linder. across to tho inside of the cylinder upon the farther part of the 
diameter, letnming to the mercnrial oommntator by the ontside of tlio cylindrical ring, an approxi- 
mation ia obtained U) the Gramme ring. The iron cylinder acts as a magnetic scrt^en, shntting off 
the action of the permauent magnet upon the interior wires, as in the Gramme machine. 

Brcgnet's views conflrm the experiments made by Lippman, which go to prove that magnetie 
screeDs acting as armatnroe oeese to fulfil this function when under movement of transUtion. Tliia 
arise* Gmo we ring or screen, which in a state of rest concentrates or deviates npon itself the lines 
of forc^ when in movement taking np and abandoning an equal number of these lines in a given 
time, rendering its ooncentrative efiect nil. 

If <f be the diameter, and e the width or length of a Gramme or Alteneok bobbin, the length of 
wire nrirnsmrj' to oomplele convolution is in the Gramme bobbin 4 1, and in the Alleneck Ixibbin 
2(t+ d),DO aoconnt being taken of the extra length dne to enperpoaition of the layers of wire. 
If 4 e «r 2 (« + d), the Gramme wiU be more effective, and if 4 e > 2 ^* + d), less effective, than the 
Alteneck machine ; if 4 « = 2 (« -H d), the two machines will furnish identical curronta. This equa- 
tion being eqairalent to « = d, according as the width or length of the bobbin is lessor greater tliao 
its diameter, so will the Gramme machine be superior or in^rior to that of Alteneck. Bregnet eon- 
■iden that a drawback to the efficiency of the Alleneck machine ia the necessity of fastening down 
the wires on the cylinder by bands, to prevent the wires, during centrifuga! action, bowing out into 
contact with the exciting magnets, because these bands prevent the active wires being brought in 
encb close proximity to the exciting magneta aa in the Gramme machine, where theshortnessof tb« 
wire does not call for this binding down. 

Whilst the Boft-iran armatore of the Alteneck machine serves meraly to reinbroe the magnetlo 
field in the region of the moving oiroait, the annular core of the Gramme machine withdraws the 
internal wins of its armature from the normal action of the lines of foroe of the field. The angular 
displacement of the commntator ooonrring with such machines is not due to retardation oonsequent 
upon time necessary to magnetize or demagnetize the soft-iron cores, beoanso sucli anpilar displace- 
ment oeenrs with machines not poeseesing iron cores; and if the machine is to be used as an electro- . 
motor converting electrici^ into mechanical work, the angular displacement of the oommntator 
bruahes should be in a direction opposite to that of the rotation of tlie armature, and in the same 
direction as that of the rotation when the machine ia employed as a generator of electric currents^ 

The following an vsrioiiB methoda of winding the coils of the armatures of dynamo-electric 
maohincB deacribed by Bregnet. 

IMi. lut. IM). 



The wire is woond longitudinally on a cylinder, of irtiloh Pig. 1055 represents one of the end*. 
All the oonvolntiona traverse the oppeeite end by one of the dhuneters. Starting ftom 1, the wire 
eiMses the nearer end t? 1, 2, and returns by 3 from the farther end of the cjlliider, and so on. 
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Fig. 1055 shows how each transTeraal branch is conneoted to the eight metallic sectors, which during 
revolution of the cylinder are brought into contact with the wire brushes for collecting the currenL 
The diameter X Y is that on which these points of contact occur. The poles of the magnet aie 
above and beneath this diameter. 

In FroUch's system the farther end is crossed by the wires following its diameters. The 
remaining connections will be understood from Fig. 1056. 

Breguet proposes two systems of winding, in which the wires crossing the farther end of the 
cylinder do not necessarily follow its diameter. One of these systems is shown in Fig. 1057, for 
which superiority to the preceding is claimed on the ground that less length of wire is required to 
produce the same results, and by this means the heat developed in the bobbin by the passage of the 
currents is reduced, the economic coefi9cient being proportionally raised. 

The following table gives the four systems of winding in the order of increasing merit, the last 
being the best, and the numerical column indicates the length of inactive vrire as a function of the 
radius of the ends of the cylinder. The length of effective wire is supposed to be the same in 
each case ; — 

Frolich's system 30-8 



Alteneck*8 
Breguet's 






30-5 
26*0 



1058. 



EdiBon*s machine. Fig. 1058, consists of a tuning-fork A*, firmlv attached to a stand B*. This 
fork is of two prongs, but one onl;^ need be employed. The vibrating fork may be 2 yds. in length, 
and heavy in proportion. It has its regular rate of vibration, and the mechanism that keeps it in 
vibration is to move in harmony. A' 
crank or revolving shaft may be em- 
ployed, but it is preferable to use a 
small air, gas, or water engine, ap- 
plied to each end of the fork. The 
cylinder A^ contains a piston and a 
rod B\ connected to the ends of the 
fork, and steam, gas, water, or other 
fluid under pressure acts within the 
cylinder, being admitted first to one 
side of the piston and then the other 
by a valve. The valve and directmg 
rod C are shown for this purpose. 
The fork A' m&y be a permanent 
magnet or an electro-magnet, or 
is provided with permanent or 
electro-magnets. An electro-magnet, 
G, is shown on each prong of the 
fork, and opposed to tnese are the 
cores of the electro-magnets D. 
Hence, as the fork is viorated, a 
current is set up in the helix of each 
electro-magnet D, in one direction 
as the cores approach each other, and 
in the opposite direction as they 
recede. This alternate current is 
available for electric lights, but if 
it is desired to convert the current 
into one of continuity in the same 
direction, a commutator U employed, 
operated by the vibrations of the 
fork to change the circuit connec- 
tions in each vibration, and thereby 
make the pulsations continuous on 
the line of one polarity. A portion 
of the current thus generated may 
pass through the helices of the 
electro-magnets C, to intensify them 
to the maximum power, and the 
remainder of the current is employed 
for any desired electrical operation. 
The commutator springs or levers 
C* and 0^ are operated by rods 45. When the prongs of the fork are moving from each other, the 
contact of the levers G* C* will be with the screws 40, 41, and the current will be from line 1 





_ magnetfl 
D D to 43 and by 0^ to line. 

De Meriten*s machine consiBts of a series of electro-magnets in the form of a wheel, the north 
pole of one following the south pole of the adjacent magnet. Each electro-magnet, when the wheel 
is at rest, stands with its poles beneath the poles of a horseshoe permanent magnet. These per- 
manent magnets are set in a fixed frame around the periphery of the wheel of electro-magnets. The 
insulated wires on the coils of the armature of the machine are all wound in the same direction. 
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<nlf the outer sod of the wire of one coil U eonQeeted with the outer end of tbe wire of a ooi! next 
to it : whilit tbe inner end of the wire of the one coil comtnunicatei with the inner end of anotljor 
ooil next to it. The alteraating coirenti prodnocil are tbiu of the aune sign tbroughoat the whole 
ting- The two tmninala of the wire on tbe rin}!, which oonstitute the two poles, communicate 
napeotiTelT with two copper rings flied on the axis of tbe mae]iin(>, and inaalated from it. Two 
thick copper wires are in frictiniuil contact with these rings, and ato connectt^d to terminal acrewH, 
from whicli the current isobtained. Hulliplu-circait machinea have been desired with tht iperinl 
purpose that the whole system of lighting ihonld not be dependent upon the mntinnitr uf one 
circuil This BdTentage neoeaaitales a greater expenditure of moiire power to produce tbe soma 
light power. 

£>H]tin introdnced into England, in 1875. ■ plan for converline tbe whole of (lie elertricitr pro- 
duced in the reTiilving armature of ■ mwhine. into tlio exciting nuignets, in^teei] of n pnr.icin. 
This bad the eCfect of rendering the exciting mngOEts icry powerful in a short tinx-. aiid tlie mag- 
netic reaistHnce to the rotation of the coil Increusiil in a few niiuutes to tbe extent tbat it wm 
found difflcnlt to OTt'rconie it The circuit was thru brukcn b; an automatic Ouramutnlor, and tlie 
■peeial working circuit insf-rted. In ima, Lontin conslrncti'd a macliioe to OTercome the diffieullr 
of the heat genented in tbe ooilg <^ tbe former machine. This latter ounsisted ot an armature in 
the form of • wheel, with a central bnes and spokes of soft iron, munnted □□ a shsfl to which 
rotary motion oould be impArted, Fig 1059. Each saA-ircn spoke of the wheel baa a ooil of wiM 



wound on it, and ti, in fitct, aif electro-magnet, which becomes a source of induced electridtf when 
tbe wheel is re*olTed between the poles of a fixed electro-magnet Tbe residual magnetism of tbe 
enna of tbe eleetro-magnets ii suCScieut at first to genemts a feeble current in the coik when tlie 
wheel Lb reTolied; and a portion of this current, kept in one direction by a commutator, ii diverted 
in tlie usual manner into (be Sicd eleotro-magnet^ to inteneifr tbeni. 

One or several of these induolion wheels may be applied on the same shaft, placing them 
oppoeite one or more series of permanent or electro-msgncta. ^Chen Iwo wlieels are fixed un Iba 
wme shaft, one of them can supply currents eicluaiTcly for feeding the electro-maKnits, anii the 
currents from the other can be used for exlemHl work. If tbe curreiitB arc requirfd to be of only 
one direction, a oommntatnr or collector is employed, and one for tach coil nr puir i>f coiU ia jdnced 
on the shaft, to eiicb being attached tbe two ende of the wire of the correspiinding coil or jHiir uf 
coils. When merely collectors are osed, all the coils on the wheel are connected up in seriej, so as 
to form a completely ctnaal circuit as in Fig. 10.^9. All tbe cniU approaching a pule of tlie 
electro-magnet are inversely eluctrified to those receding from the name pide. A metal atrip is 
arranged oppoeite tbe pole of the electro-msgnet, to oullect, by contact 'he electricity genemted ia 
the coil at the instant that its polarity becomes reversed ; a similar rubber ia also applied opposite 
the other pole of the electro-magnet. In order to avoid oxidizing eSect under the action uf sparks, 
the commutalont are enclospd in a ba(b of non-drying oil. 

Lontin's greatest imprOTument is the conslraction of dynamo-el ectrio machines with inducing 
electro-magnets having a rotary molion, whilst the indneed ooila are atationary. Figs, 1060 uud 1061 
are of this machine. The onlls of the induction wheel are iu this oiise the iudncers, and are trans- 
(broied into electro-magnets by the current of a spare msgneto-clcrtric machiuo passed through 
Itiem. On totation of Uie wheel Ibcy induce in the surrounding coils a series of currents, which 
can be utilised, without the use of collector or coulact-rine. A machine having 50 induced coils, 
would have 50 soaroes of electricity tliat could be employed either separately or combined. 

The fixed electm-magnet ehown in Fig. Hli9 may have its cure* prolonged, bo that more than one 
eoU of insulated wire can be placed upon them. Thus, when the wheel ia turned into an inducer. 
by reason of the currentB alreoily induced in it by the electro-maenets, it will iu its turn induce 
ourrenta in the additional coils, and these currents can he Dtiliied for eloetric lighting. Figs. 1060 
and 106] are of a machine employed m a goDerator to supply currents to the dividing machine. 
Fig. 1062. 
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the onUids end, and the EDoceediDg magnet ita poutiTe pole at the iniide end. The ndial mogneli 

__..!. j_ .. .1, ._ "-ijpolMOMiBideredaBftoiroamferenoolo the wheei By thia utbdko- 

' t Qumbei of allemale cnneDta, equal to half tite number 



these ourrenlB to be oor . , . v 

power of 13,000 candles. The generating machine ia driven at 250 rerolntioiu, Mid the distributiBg 
or dividinff machine at 100 * minute. With on engine of 8 borae-poirer Bom^ial, 12 light-cdronJta 
oan be mamtalncd. 

The Gramme diatribator, Figs. 1063 and 1064, consitts of a ring of iion wound «ilh ooiIb of 
iniDlnted copper wire, alternately 

right and laft handed, the wire '••*■ 

being coiled in one direction, «o 
as to oover one-eighth part of the 
ring, then in the opposite direction 
for the next eighth port, eooh of the 
eight Beotions of the ring being 
wound in the reveree direction to 
the winding ot the two adjacent 
wetioni. This ring may bo con- 
sidered as eight curved electro-mag- 
nets pll^wd end to end, with their 
umilar polea in contact, so as to 
form a circle. It is rigidly fixed in 
» vertical position to the eolid fram- 
ing of the apparatos, the indncing 
electro-magnets revolving within it. 

There aro eight electro-magnets 
flied radially to a central boss re- 
volviog upoD B horizontal shaft, 
nuon whicn is a pulley, driven by 
a band from a motor. These radial 
fiat electro-magnets are woond alter- 
nately right Mid left banded, and 
their alternate ends are oonseqnently 
of opposite polarity. The cores of 

these magnets are extended by plates to increase the area of the magnetia Md by which cnnenta 
are induced in the ooils of tbe nng. 

There is no self-con bun ed apparatus for pnxluoing the oorrent bj which the electro-magnets 
are magnetized, but a small Qramme machine of the eontinnous current type is employed, and is 
driven by a separate strap. The corrent from tbismaobine iscaosed to ciroiilate in Uio coils of the 
relating radial eloctro-mngneta, by which these are magnetized to saturation. Each section of the 
ring is built up of four subsections, abed. Fig. 1064, and all these subsections of any one seotion 
Are wound in tbe same direction. This subdivision admits of the connecting-np of the subsectiiHM 
into 32, IG, 8 or 4 circuits. All the aubeectious marked a are influenced bj tbe rotating msgneta 
in precisely similar manner, because the influence of a north polo upon a coil woimd in a right- 
banded direction is the same as that of a south pole upon a coil wound in a left-handed direction. 
Similarly, the currents in alt tbe J> coils are of oae direction, whatever tbe position of tbe rotating 
magnets. Tbn^ all the coils similarly marked can l» connected into one circuit, and termind 
screws are provided for the required arrangement. The current from the small machine is led to 
tbe rotating magoeta through the flat brnahes of silvered copper wire attached to the framework of 
the macbioo, and in rubbing contact with two insulated copper cylinders, one connooted to each 
end of the magnet circuit. 
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A largoct sixed maobiiie soppliet 16 Jablochkoff candles, each of 1000 oandl&-power, at a speed 
of 600 reTolntions a minute, auorbing 16 hone-power. 

On tiie mechanical effioiencj of dynamo-electro machinee, Paget Higgs ttatei, there can be 
nothing done in the inter-compariwon A any natoral force nntil aocniate measniementa have been 



10C3. 



f 




1064. 




I 

made. For these measurements the electrical engineer has mainly to look to the labours of the 
committee on dynamo-electric machines formed by the Franklin Institute, and to Houston and 
Thomson's report as to the ratio of efficiency in the conyezsion of motive power into electricity. 
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In entering this comparatively new field of reBearch, peonliar diflScolties oocnrred, owing to con- 
ditions that do not exist in the various forms of batteries nsed as sources of electrical power. In 
many battery circuits a higb external resistance may be employed, and the electro-motive force 
remains comparatively constant, while in dynamo-electric machines, in which the reaction prin* 
ciple is employed, the introduction of a very high external resistance into the circuit must be 
necessarily attended by decided variations in the electro-motive force, due to changes in the 
intensity of the magnetic field in which the currents have their origin. Moreover, a considerable 
difilcnlty is experienced in the great variations in the behaviour of those machines when the 
reiiistanoe of the arc, or that of the external work, is changed. Changes, due to loss of conductivity 
by heating, also take place in the machine itself. 

These variations are also attended by changes in the power required to drive the engine, and in 
the speed of running, which again react on the current generated. 

There are certain normal conditions in the running of dynamo-electric machines designed for 
lighting, under which all measurements must be made, viz. ; — 

The circuit must be closed, since on opening, all electrical manifestations cease. 
The circuit must be closed through an external resistance equal to that of the arc of the 
machine. 

The arc tnken as the standard must be the normal arc of the machine. This condition can 
only be fulfilled by noticiug the behaviour of the machine, while running, as to the absence of 
sparks at the commutator, the heating of the machine, the regularity of action in the consumption 
of carbons in the lamp, &o. 

The speed of the machine must be, as nearly as possible, constant. 

The power required to maintain a g^ven rate of speed must be, as nearly as possible constant. 
The machines submitted to the committee of the Franklin Institute for determination were as 
follows ; — 

Two machines of different size, and of somewhat different detailed construction, built accord- 
ing to the invention of C. F. Brush, and styled respectively in the report as A*, the larger of the 
two machines, and A', the smaller. 

Two machines known as the Wallace-Farmer machines, differing in size, and in minor 
details of construction, and designated respectively as B', the larger of the two, and B*, the 
smaller. In the case of the machine B\ the experiments were discontinued afier the measurement 
of the resistances was made, insufficient power being at disposal to maintain the madbdne at its 
proper rate of speed. 

A Gramme machine of the ordinary constmetion. 

All the above machines are constructed so that the whole current traverses the coils of the field 
magnets, being single current machines, in which the reaction principle is employed. In the case 
of the machine designated A*, the commutators are so arranged as to permit the use of. two sepa- 
rate circuits when desired. 

For the purpose of preserving a ready measure of the current produced by each machine, under 
normal conditions, a shunt was constructed, by which an inconsiderable but definite proportion of 
the current was caused to traverse the coils of a galvanometer, thus giving with each machine a 
convenient deflection, which could at any time be reproduced. As the interpo&ition of this sliunt in 
the circuit did not appreciably increase its resistance, the normal conditions of running were pre- 
served. 

As indicating the preservation of normal conditions in any case, the speed of running and the 
resistances being the same as in any previous run, it was found that when there was an equal expen- 
diture of power, as indicated bv the dynamometer,- the current produced, as indicated by the 
galvanometer, was in each case the same. 

Certain of the machines.* experimented with, heated considerably on a long run ; most of the 
tests, therefore, were made when the machines were as nearly as possible at about the temperature 
of the surrounding air. It is evident that no other standard could be well adopted, as under a 
prolonged run the temperature of the different parts of the machine would increase very un- 
equally ; and, moreover, it would be impossible to make any reliable measurements of the tem- 
peratures of many such parts. 

In measuring the re»istanoe of the machines, a Wheatstone's bridge, with a sliding contact, 
was used, in connection with a delicate galvanometer and a suitable voltaic battery. In taking the 
rcdifitunces of the machines, several measurements were made with the armatures in different posi- 
tions, and the mean of these measurements taken as the true resistance. 

It was, of course, a matter of the greatest importance to obtain a value for the resistance of the 
arc in any case, since upon the relative values of this resistance, and' that of the machine, the 
efficiency would in any given case to a great extent depend. In each case, the arc of which the 
resistance was to be tidcen, was that which was obtained when each machine was giving its average 
results as to steadiness of light and constancy of the galvanometer deflection. 

The method adopted for the measurement of the arc was that of substitution, in which a resist- 
ance of German silver wire, immersed in water, was substituted for the arc, without altering any of 
the conditions of running. This substituted resistance was afterwards measured in the us^ wav, 
and gave, of course, the resistance of the are. It could, therefore, when so desired, serve as a sub- 
stitute for the arc No other method of obtaining the arc resistance appeared applicable, since the 
constancy of the resistance of the arc required the passage of the entire current through the 
carbons. 

It may be mentioned, as an interesting fact in this connection, that when the current flowing 
was great, the arc corresponding thereto nad a 'much lower resistance than when the current was 
small. This fact is, of course, due to increased vaporization, consequent on increased temperature 
in the arc. 

In detennining the true arc resistance, the resistance of the electric lamp controlling the arc 
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iraa meftsored separately, and deducted from the lesolt obtained with the German silTer wire snb- 
«titate. 

For eaae of obtatoing a resistance of Gkrman Bilver wire equal in any caae to that of the arc, a 
simple rheostat was oonstnicted, by winding, npon an open frame, such a length of wire as was 
judged to be in excess of the resistances of any of the ares to be measured. By means of a sliding 
contact, snooessiye lengths of the wire were added until the conditions were reproduced. With 
this amngement, no difficulty was experienced in reproducing the same conditions of normal run- 
ning as when the arc was used. The same conducting wires were used throughout these experi- 
ments. Being of heavy copper, their resistance was low, about '016 ohm. 

To detennine the value of the current, two methods were selected, one based on the production 
of heat in a circuit of known resistance, and the other upon the comparison of a definite proportion 
of the current with that of a Daniell's battery. 

In the application of the first method, eight litres of water, at a known temperature, were taken, 
and placed in a suitable non-conducting vesseL In this was immersed the German silver wire, 
and the sliding contact adjusted to afford a resistance equal to that of tiie normal arc of the 
machine under consideration. This was now introduced into the circuit of the machine. All 
these arrangements having been nuule, the temperature of the water was accurately obtained by a 
delicate thermometer. The current from the machine running under normal conditions was 
allowed to pass, for a definite time, through the calorimeter so provided. From the data thus 
obtained, after xnaking the necessary corrections as to the weight of the water employed, the total 
heating effect in the arc and the lamp, as given in Table 11., was deduced. 

Since the heat in various portions of an electrical circuit is directly proportional to the resistance 
of those portions, the total heat of the circuit was easily calculated, and is g^ven in Table III., in 
English heat-units. For ease of reference, the constant has been given for conversion of these 
units into the metrical units of heat. 

Having thus obtained the heating effect, the electrical current u 



C 



=^"^ 



Ax 772 



nto 



where G = the Weber current an ohm, W the weight of water in pounds, h the increase of tempe- 
rature in degrees F., 772 Joule's constant, B the resistance in ohms, t the time in seconds, and c the 
constant, '737335, the equivalent in foot-pounds of one weber an ohm a second. The currents so 
deduced for the different machines are given in Table VL 

The ottier method employed for obtaining the current, the comparison of a definite portion 
thereof with the current from a Daniell's battery, was as follows ; — A shunt was constructed, of 
which one division of the circuit was '12 ohm, and the other 3000 ohms. In this latter division of 
the circuit was placed a low-resistance galvanometer, on which convenient deflections were obtained. 
This shunt being placed in the circuit of the machine, the galvanometer deflections were carefully 
noted. To the resistance afforded by the shunt, such additional resistance was added, as to make 
the whole equal to that of the normal arc of the machine. These substituted resistances were 
immersed in water, in order to maintain an equable temperature. 

Three Daniell's cells were carefully set up and put in circuit with the same galvanometer, and 
with a set of standard resistance coils. Resistances were unplugged sufficient to produce the same 
deflections as those noted with the shunt above mentioned. The shunt ratio, as nearly as could 
conveniently be obtained, was rthm' '^^^^ the formula 

^ sn X 1-079 

where G equals the Weber current, 8 the reciprocal of the shunt ratio, n the number of cells employed, 
1-079 the assumed normal value of the electro-motive force of a Daniell's cell, and R ^e resistances 
in the circuit with the battery, gives at once the current. In comparison with the total resistances 
of the circuit, the internal resistance of the battery was so small as to be neglected. 
Hie results obtained, Table II., were as follows ; — 

Table II. — GoMPAaisoN of RBSiffTANOES. 



Name of Machine. 



Shnnt 
Bado. 



No. of 

DanleU't 

Cells. 



Reslstaoces 
Unplugged. 



Speed of 
llacbine. 



Large Brush 

Small „ 

Wallace-Farmer | 

Gramme 



IT 



boJs 



»» 
»» 

n 



»» 

M 



ohms. 
2710 
3700 
8320 
6980 
4800 



rev. 
1840 
1400 

844 
1044 

800 



mul 



The Weber currents, as calculated from the above data, are given in Table VL 

From the zesults thus derived, the electro-motive force was deduced from the general for- 



E = C X B. 



The electro-motive force thus calculated will be found in Table VI. 

Statements are frequently made, when speaking of certain dynamo-electric machines, that they 
are equal to a given number of Daniell's or other well-known battery cells. It is evident however, 
that no such comparison can properly be made, since the electro-motive force o£ a dynamo-eleotrio 
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machine, in ivhioli the leaction piinoiple is employed, changes considerably with any change in the 
relative resistances of the circuit of which it forms a part, while tiiat of any good form of battery, 
disreg^arding polarization, remains approximately constant The internal resistance of dynamo- 
electric machines is, as a rule, very much lower than that of any ordinary series of battery cells, as 
generally constructed, and, therefore, to obtain with a battery conditions equivalent to those in a 
ynamoHolectric machine, a sufficient number of cells in series would have to be employed to give 
the same electro-motive force ; while, at the same time, the size of the cells, or their number in 
multiple arc, would require to be such that the internal resistance should equal that of the 
machine. 

Suppose, for example, that it be desired to replace the large Brush machine by a battery whose 
electro-motive force and internal and external resistances are all equal to Uiat of the machine, and that 
as a standard a Daniell's cell of an internal resistance, say, of one ohm is adopted. Befening to 
Table VI., the electro-motive force of this machine is about S9 volts, to produce which about 
37 cells, in series, would be reouired ; but by Table IV., the internal resistance of this yn^binft is 
about *49 ohm. To reduce the resistance of our standard cell to this figure, when 37 cells are 
employed in series, 76 cells, in multiple arc, would be required. Therefore, the total number of 
cells necessary to replace this machine would equal 37 X 76, or 2812 cells, working over the same 
external resistance. It must be borne in mind, however, that although the machine is equal to 
2812 of the cells taken, no other arrangement of these cells than that mentioned, namely, 76 in 
multiple arc and 87 in series, could reproduce the same conditions, and, moreoyer, the external 
resistances must be the same. The same principles, applied to other machines, would, when the 
internal resistance was great, require a large number of cells, but arranged in such a way as to be 
extremely wasteful, from by fSar the greater portion of the work being done in overcoming the 
resistance of the battery itself. The true comparative measure of the efficiency of dynamo-electrio 
machines, as means for converting motive power into work derived from electrical currents, whether 
as light, heat, or chemical decomposition, is found by comparing the units of work consumed 
with the equivalent units of work appearing in the circuit external to the machine. In Table V. 
the companitive data are given. In the first column the dynamometer reading gives tiie total power 
consumed, from which are to be deduced the figures given in the second column, being the work ex- 
pended in friction, and in overcoming the resistance of the air ; although, of course, it must be borne 
in mind that that machine is the most economical in which, other things being equal, the resistance 
of the air and the friction are the least The third column gives the total power expended in pro- 
ducing electrical effects, a portion only of which, however, appears in tne effiective circuit, the 
remainder being variously consumed in the production of local circuits in the different masses of 
metal composing ^e machines. This work eventually appears as heat in the machine. Columns 
four, five, and six give respectively the relative amounts of power variously appearing as heat in the 
arc, in the entire circuit, and as heat due to local circuits in the conducting masses of metal in the 
machine, irrespective of the wire. This latter consumption of force may be conveniently described 
as due to the local action of the machine, and is manifestly comparable to the well-known local 
action of the voltaic battery, since in each case it not only acts to diminish the effective current 
produced, but also adds to the cost 

No determination made with an unknown or abnormal external resistance can be of any value, 
since the proportion of work done, in the several portions of an electrical circuit, depends upon, and 
varies witn, tne resistances they offer to its passage. If, therefore, in separate determinations with 
any particular machine, the resistance of that part of a circuit of which the work is measured be in 
one instance large in proportion to the remainder of the circuit, and in another small, the two 
measurements thus maae would give widely different results, since in the case where a laige resist- 
ance was interposed in this part of the circuit, the percentage of the total work appearing there 
would be greater than if the small resistance had been used. 

When an attempt has been made to determine the efficiency of a single machine, or of the rela- 
tive efficiency of a number of machines, by noting the quantity of gas evolved in a voltameter, or by 
the electrolysiB of copper sulphate in a decomposing cell, when the resistance of the voltameter or 
decomposing cell did not represent the normal working resistance, it is manifest that the results 
cannot properly be taken as a measure of the actual efficiency. 

In Table IV. it will be found that, in general, where the machine used had a high internal ' 
resistance, the arc resistance normal to it was very high, but they are not necessarily dependent 
upon each other. The arc resistance depends on the intensity of the current, the nature of the 
carbons, and on the distance apart. Other conditions being the same, the resistance of the arc is 
less when the current is great. 

Since all the machines examined were built for lighting, it will readily be seen that, other things 
being equal, that machine is the most economical in whicn the work done in the arc bears a con- 
siderable proportion to that done in the whole circuit, and since, with any given current, the work 
is proportional to tiie resistance, we have in Table IV. the data for comparison in this regard. For 
example, in the second determination of A\ the large Brush machine, tne resistance of the arc con- 
stitutes considerably more than one-half the total resistance of the entire circuit, while in B", the 
small Wallace-Farmer machine, it constitutes somewhat more than one-third the total resistance. 
These relative resistances give, of course, only the proportion of the current generated, which is 
utilized in the arc as light and heat, the conditions of power consumed to produce the current not 
being there expressed. 

During any continued run, the heating of the wire of the machine, either directly by the current, 
or indirectly from ccmduction from tiiose parts of the machine heated by local action, as explained 
in a former part of this report, produced an increased resistance, and a consequent fidling off in the 
effective current Thus in Table IV., at the temperature of 73* 5^ F., A^ the large Bruaa machine, 
had a resistance of '485 ohm, while at 88° F., at the armature ooils, it wm *495 ohm. These 
differences were stiU more marked in the case of B'. 
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Id a*, the Bmmll Braah michine, it will be aolioed that two aeputtte Talnea ue glTen for the 
lututee of the machina Tb«M MriMpond to diSerent connectloo*, Che ranatanoe^ 1 ' 2S9 ohm, 
ine the oonnectioii at the conunutatiw for low renilanoe, the double conueoting wItm being 

Sled in multiple oro, while 3 '044 ohma leprewnt the ra m ataace when the aeotiona of the doable 
octDT are ooapled at the cooUDDtator in «eriee. 
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TiBLB lY. — Rkotakcb or Dnuio-EuECTRia HACBiHia. 



A'. I^rge Bniah 

A'. n » 

A'. SnuJl „ 

A'. „ 

B'. Large Wallnce 

B'. „ 

B*. Bmall 




731. ■485, -57 016 -032! -483 ■541-055 At beginning of r 
88 -495 ■82-016-032I '493 -791-815 After running 25 : 
74 1-2551-70 DIG 032 1*239 1'672-955 Arranged for low 
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6851-97 010-10251-6671-87,8-66 



higli 
Machine cold. 
After 40 minateH* mn 
At 844 revolutioni. 
At lOOO „ 
Ara not normal. 
Aro normal. 



Table Y. — Thermio Ewrvjn or Dthano-Elzotkio HACEDras. 



mm mm 



A'. I^rge Bmal 
A>. Smdl „ 



18-61 I 23-25 



' 11-50 

' 4-92 

I 10-75 

I lU-25 



82 43-338 { 



1-70 33-87 58-87 I -332 1200 



49 -881 1340 107606 



70 43-45 75 

■87 |17-85 48^ 
87 |l5'28 

28 ,2004 50 

97 ,30-29 56- 



. -426 1100 124248 

'104 844 1 97068 

-089 844 97068 

-102 1040 128S44 



D metriaal heat unita, 1 lb. water, 1° F. = 259*185 grammes of 



Befeiring to Table T., the unmbers given in the oolomn headed, Heal in arc and lamp, are 
the meaanre of (he total heating power in that portion of the oircnit external to the machine. Tlie; 
do not, however, in the oaae of anj macbino. repreaent the energ; whiob it MTailable fbr the prodnc- 
tiim of light, whioh depends also on the nature and Uie amonnt of the reiiatanoe orer which it ia 
expended. 

For example, the beat in arc and lamp ore practicaUy the same In each of the Brash machines, 
if the meaanrement of the smaller of tbeee macninea be taken at the higher speed. The lunonnt of 

li|^t prodnoed, however, U not the « * ' ... 

ease of the lazier maohine. 
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The explanation of this apparent anomaly is undoubtedly to be found in the different resisfances 
of tlie arcs in the two cases. In the large Brush machine the carbons are nearer together tlian when 
the small machine is used. This suggests the very plausible explanation, that the cause of the 
difference is to be attributed to the fact that although the total heating effect is equal in each caae, 
when the large machine is used, the heat produced is evolved in a smaller space, and its tempera* 
ture, and consequent light-giving power, thereby largely increased. 

It would seem, indeed, that any future improvements made in the direction of obtaining an 
increased intensity of light from a g^ven current, will be by concentrating the resistance normal to 
the arc in the most limited space practicable, thereby increasing the intensity of the heat, and, con- 
sequently, its attendant light 

It may be noted in this connection, that in all the cases in which the resistance of the arc was 
low, the photometric intensity was high. This, indeed, might naturally be expected, since a great 
intensity of heat would, under existing conditions of the use of the arc, admit of increased vaporiza- 
tion, and consequent lowering of the resistance. 

In the column headed, Total heat of circuit, are given the quantities of heat developed in the 
whole circuit, which ntmibers, compared with those in the preceding column, furnish us with the 
relative proportions of the work of the circuit which appear in the arc and lamp. 

The column headed. Heat each ohm a second, gives the relative work an ohm of resistance in 
each case, and these numbers, multiplied by the total resistance, give the total energy of the current 
expressed in heat units a second. 

In Table YI. are given the results of calculation and measurement, as to the electrical work of 
each machine. 

It is evident, to those acquainted with the principles of electrical science, that the Weber 
current and the electro-motive force, are the data for comparing the work of these machines 
with that of any other machine or battery, whether used for light, heat, electrolysis, or any other 
form of electrical work. 

As might be supposed, the values given in Table YI., of the Weber current, approximate rela- 
tively to the pliotometric values, as will be seen from an examination of that part of the general 
report of the committee relating to photometric measurements. 

The values of the Weber current as deduced from the heat developed, and from the comparison 
with a Daniell's cell, do not exactly agree ; nor could this have been expected, when the difficulty 
of miuutely reproducing the conditions as to speed and re&istance is considered. 

By comparison of the electro-motive force of the different machines, it appears that no definite 
unit seems to have been aimed at by all the makers as that best adapted to the production of 
light. 



Tablr VI.— Cdrbent and Eliotbo-Motivb Force or 
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Weber Cnrrent each Ohm 


Electro-motive Force 










a Second. 


in Volts. 


Pfer cent, of 
the Work 
of Current 


Correspond- 
ing Dynamo- 
metric 
Values. 




Name of Machine. 




By Com- 
parison wilh 


Calcalated 


ByOom- 


Bemarks. 




From Heat 


from Heat 


parison with 


appearing 






developed. 


DanieU'B 


and 


DanieU'B 


in the Arc 








Battery. 


Reslittanoes. 


Battery. 






















Rev. 


A'. Large Brush 


80-37 


29-87 


39-94 


89-28 


60-08 


107606 


Speed, 1340 


A'. Small „ 


18*63 


• • 


55 05 


■ . 


a • 


117700 


„ 1200 


^L • „ „ .. 


21 12 


21-87 


62-41 


64-43 


66-51 


124248 


., 1400 


B*. 6maU Wallace 


10 42 


9-73 


81-59 


76*19 


35-38 


96068 


844 


•*' • w »» 


9-64 


• • 


75-48 


• • 


• • 


• • 


„ 844 


•*' • »» »» 


10-33 


1116 


85 12 


91-96 


38-59 


128544 


„ 1040 


Gramme 


16-88 


16-86 


59*95 


61-71 


51-09 


60992 


„ 800 



Table VII. — EFrBcrs of Dtnamo-Electrig Maohinks in Poot-Pounds a Mincte. 



Name of Machine, 



A'. Large Brush 
A*. Small „ .. 

B*. SnukU Wahace 
B«. „ 
Gramme 



»» 



Dynamo- 
meter 
Reading, 
Foot-lb. 
Conanmed. 



107,606 
117,700 
124,248 

97,068 
128,544 

60,992 



Friction 

and 

Resistance 

of Air. 



17,950 
12,328 
14,976 

7,800 
11,072 

4,512 



Foot-lb. 
Consumed 

after 
Deducting 

FricUon, 



Foot-lb. 

appearing 

in Arc 

as Heat. 



89,656 
105,372 
109,272 

89,268 
117,472 

56,480 



33,457 
26.148 
33.543 
13,780 
15.469 
23,384 



Foot-lb. 

appearing 

in whole 

Circuit. 



53,646 
45,448 
58,340 
37.596 
38,862 
43,448 



Foot-lb. 


Pe^ cent 


unaooounted 


of Power 


for in the 


utilized 


arcttlt. 


in Arc. 


86,010 


31 


59,924 


22 


50,932 


27 


61,672 


14 


78,610 


12 


13,032 


38 



Percent 
of Effect 

after 

Deducting 

Friction. 



87J 

25 

31 

151 
13 

41 



I I I I ._ - 

For conyersion into Gramme-metres, 1 foot-pound = 138 Gramme-metres, nearly. 

Table YII. is designed especially to permit a legitimate comparison of the relative efficiency of the 
machines, as well as their actual efficiency in converting motive power into current. The actual 
dynamometer reading is given in the first column. On account of differences of oonstruction and 
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difierenoea in speed of nmning, the friction and reeutanoe of the air vary greatly, being least with 
the Granune, as might be expected, since the form of the revolving armature, and the speed of the 
machine conduce to this resoll This is, of oonrse, a point greatly in &vonr of tlie Gramme machine. 

That part of the power expended available for prodnolng current is given in tlie third column, 
being the remainder, after deducting the friction, as above mentioned ; but this power is not in any 
case fully utilizpd in the normal circuit. This is found to be the case by comparing calculations 
of the total work of t)ie ciroait in foot-pounds, as given in tbe appropriate column, with the amount 
expended in producing such circuit. 

For instance, in the case of A^ the large Brush machine, the available force for producing 
current is 89,656 foot-pounds a minute, of which only 53,646 reappeiir as heat in the circuit. The 
balance is modi probably expended in the production of local currents in the various conducting 
masses of metal composing the machine. The amount thus expended in local action is given in the 
oolumn designated, Foot-lb. unacconnte<l for in the circuit A comparison of the figures in this 
column is decidedly in &vour of the Gramme machine, it requiring the smallest proportion of power 
expended to be lost in local action. When, however, we consider that the current produced by the 
large Brush machine is nearly double that produced by the Gramme, the disproportion in the local 
action is not so g^eat. 

The columns containing the percentages of power utilized in the arc, and useful effect after 
deducting friction, need no special comment. 

The determinations made enabled tbe following opinions to be formed as to the comparative 
merits of the'muchines submitted for examination ; — 

The Gramme machine is tiie most economical, considered as a means for converting motive 
power into electrical current, giving in the arc a useful result equal to 38 per cent., or to 41 percent, 
after deducting friction and the resistance of the air. In this machine the losd of power in friction 
and local action is the least, the speed being comparatively low. If the resistance of the arc is 
kept normid, very little heating of the machine results, and there is an almost entire absence of 
sparks at the commutator. 

Tbe large Brush nmciiine comes next in order of efficiency, giving in the arc a useful effect 
equal to 31 per cent, of the total power used, or 37| per cent, after deducting friction. This machine 
is. indeed, but little inferior in this respect to the Gramme, having, however, the disadvantages of 
high speed, and a greater proportionate loss of power in friction, &c This loss is nearly compen- 
sated by the advantage this machine possesses over the others of working with a high external, 
compared with the internal, resistance, this also ensuring comparative absence of heating in the 
macnine. This machine gaye the most powerful current, and consequently the greatest light. 

The small Brush machine stands third in efficiency, giving in the arc a useful result equal to 
27 per cent, or 31 per cent after deducting friction. Although somewhat inferior to the Gramme, 
it is, nevertheless, a machine admirably adapted to the production of intense currents, and has the 
advantage of being made to furnish ctorrents of widely varying electro-motive force. By suitably 
connecting the machine, as before described, the electro-motive force may be increased to over 120 
volts. It possesses, moreover, the advantage of division of the conductor into two circuits, a feature 
which, however, is also possessed by some forms of other machines. The simplicity and ease of 
repair of the commutator are also advantages. Again, this machine does not heat greatly. 

The Wallace-Farmer machine does not return to the effective circuit as large a proportion of 
power as the other machines, although it uses, in electrical work, a large amount of power in a 
small space. The cause of its small economy is the expenditure of a large proportion of the power 
in the production of local action. By remedying this defect, a very admirable machine would be 
produced. After careful consideration of all the facts, the committee unanimously concluded that 
the small Brush machine, though somewhat less economical than the Gramme machine, or the large 
Brush machine, for the general production of light and of electrical currents, was, of the various 
machines experimented with, the best adapted for the purposes of the Institute, chiefly for tlie 
following reasons ; — It is adapted to the production of currents of widely varying electro-motive 
force, and produces a good light. From the mechanical details of its construction, especially at the 
commutators, it possesses great ease of repair to the parts subject to wear. 

In order to make tbe measurements as accurate as possible, it was found necessary so to arrange 
the photometric apparatus that no reflected or diffused light should fall on the photometer, and 
thus introduce an element of error. The electric lamp was enclosed in a box, open at the back for 
convenience of access, but closed with a non*reflecting and opaque screen during the experiments. 
Projecting from a hole in the front of the box was a wooden tube, 6 in. square inside and 8 ft. long, 
with its inner surface blackened to prevent reflection, thus allowing only a small beam of direct 
light to leave the box. This beam of light passed into a similar wooden tube, placed at a proper 
distance from the first, and holding in its farther end the standard candle. This tube also held the 
dark box of a Bunsen photometer, mounted on a slide, so as to be easily adjusted at the proper 
distance between the two sources of light. A slit in tbe side of the tube enabled the observer to 
see the diaphragm. The outer end of the second tube was also covered with a non-reflecting hood, 
and the room was of course darkened when photometric measurements were taken. The rigid 
exclusion of all reflected or diffused light is the only trustworthy method of obtaining true results, 
and will, no doubt, account in a large measure for the lower candle-power obtained by these experi- 
ments than t^at obtained by many previous experimenters. 

The difficulties encountered in the measurement of the light arising from the difference in 
colour, were at first thought to be considerable, but further practice and experience enabled the 
ot)server to overcome them to such an extent that the error arising from this cause is inconsiderable, 
being greatly less than that due to the flnotuations of the electric arc. 

In determining the amount of light produced by each machine, it was run continuously for 
from four to five hours, and obseryations made at intervals, care being taken to maintain the speed 
and other conditions normal. One of the most important conditions necessary to ensure correct 
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results was the relative position of the oarbon points. Great care vas taken that the axes of the 
two sticks or pencils of oarbon were in the same Ime, so that the light prodaoed should be projected 
equally in all directions. Were the axes of the carbon pencils not in the same line, a much mater 
anantitv of light wonld be projected in one direction, and the result of calculation of the li^t pro- 
auced, based on the inverse square of the distance from the photometer, would be too great or too 
small, according as this adjustoient was in the one or the other direction. 

Experiments were made to determine what effect on the amount of light was prodaoed hj so 
adjusting the carbons that the front edge of the upper one was in line with the centra of the lower 
one. 

Front 2218 candles 

Side 578 ,. 

t» • 578 „ 

Back .. .. .. Ill „ 

3485+4 = 871. 

The light produced by the same machine, under the same conditions, except the carbons 
being adjusted in one vertical line, was 525 candles. This would seem to indicate that nearly 
66 per cent, more light was produced by this adjustment of the two carbons ; but a dose stud^ of 
the conditions proves that such is not the case, and that there is no advantage to be derived nom 
such adjustment, except when the light is intended to be used in one direction only. 

The following is a statement upon this point, in the report of N. Douglass, Engineer to the 
Trinity House ; — 

I have found this arrangement of the carbons, the axis of the bottom carbon nearly in the 
same vertical plane as the front of the top carbon, and assuming the intensity of the light with the 
carbons having their axes in the same vertical line to be represented bv 100, the intensity of 
the light in four directions in azimuth, say E., W., N., and S.» will be nearly as follows ; — 

East or front intensity 287 to 100 

North or side „ 116 „ 100 

South „ „ 115 „ 100 

Westorback „ 88^100 

557 + 4 =r 139 to 100. 

In measuring the candle-power of the light produced bv each machine, I have given the mean 
intensity obtf&ined in the direction of the photometer, the carbons in lamp working with the Holmes 
and Alliance machines, being always arranged wiUi the axes in the same vertical line, and the 
carbons in the lamp working the Gramme and Siemens' machine being always arranged with the 
front edge of the top carbon nearly on the centre of the bottom carbon. 

It is, therefore, evident that the results given by Douglass must be divided by 2*87 in making a 
comparison with those obtained by the Franklin Institute Committee. 

The following abstract. Table YIH., from a report of J. Tyndall, addressed to the Trinity Board, 
upon experiment carried out to ascertain the relative values of different apparatus, completes the 
list as regards other machines than the preceding. 

The machines experimented on were the following ; — 

Holmes' machines, which have been already established for some years at the South Foreland 
Lighthouse. Gramme's machine. Two Gramme's machines coupled together. Siemens' large 
nifu^ine. Siemens' medium machine. 

Tablb YIIL — GoffT, DiMBNBiONB, Wkiobt, Hobsk-foweb Absorbed, and Liobt Pbodtjoed bt 
THB DTNAJfo-ELEOTBic Maohinxs, tried at the South Foreland, 1876-77. 



Names of MachlneB. 


Dimenaioiis. 


Weights. 


Hone- 
power 
Ab- 
sorbcd. 


Revo- 
lutions 

a 
MJn. 


Ll|0it pro- 
daoed. In 
Staodard 
Gandies. 


Light pro- 
daoed eadi 
Horse-power 

Ctodlcs. 


SIseof 
Ovbooa 




Leogth. 


Breadth. 


Hdght 


denaed 
Beam. 


Dif. 
fVised 
Beam. 


Con- 
densed 
Beam. 


Dlf- 

fbsed 

Beam. 




Holmes .. 

Alliance .. 

Gramme, No. 1 
o 

Siemens, large.. 
No. 58 .. .. 

„ Do . • • • 


ft. In. 
4 11 
4 4 
2 7 

2 7 

3 9 

2 2 
2 2 


ft. in. 
4 4 
4 6 
2 7 
2 7 
2 5 

2 5 
2 5 


ft. in. 
5 2 
4 10 
4 1 
4 1 
1 2 

10 
10 


tonscwt. qr. lb. 
2 11 1 7 
1 16 1 21 
15 2 
15 2 
11 2 18 

3 3 
3 3 


3-2 

3*6 

5-3 

5-74 

9*8 

3-5 
3*3 

6-5 
10-5 

6-6 


400 
400 
420 
420 
480 

850 
850 


1,523 
1,953 
6,663 
6,668 
14,818 

5,539 
6,864 


1,523 
1,953 
4,016 
4,016 
8,932 

3,339 
4,138 


476 

543 

1,257 

1,257 

1,512 

1,582 
2,080 


476 
543 
758 
758 
911 

954 
r,254 


*byl 
i » i 

i n i 
i » i 

i » i 
i » i 


2 Holmes.. 
2 Gramme 
2 Siemens, me-1 
dium / 


9 10 
5 2 

4 4 


4 4 
2 7 

2 5 


5 2 
4 1 

10 


5 2 2 14 
2 11 

7 2 


400 
420 

850 


2,811 
11,396 

14,134 


2,811 
6,869 

8,520 


432 
1,085 

2,141 


432 
654 

1,291 


i » i 

H»tt 
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Tfaeae last three measnes vere takan with the maohines oonpled in multiple arc, the etbd 
being a eonmderable increase in light produced for power expended. 

M. Tresca has made a series of ezperimeats in the establishment of MM. Santter and 
Lemonnier, to asoertain the amount of worK perfoimed by the Gramme machine for the production 
of light. 

l^e high speed at which the Gramme machine is driyen, rendered it difficult to employ a dyna- 
mometer whicn should not make more than 250 reyolutions a minute. The diagrams obtamed 
were, however, satisfiMstory after some preliminary trials. The work done has thus been accurately 
determined, but this was not the case with the luminous intensity. This latter was measured 
direct by a pliotometer with two discs, one illuminated by a Garoel lamp, and the other by 
the electric lamp. One of these discs appeued of a green hue in relation to the other, which was 
rose-tinted, and amongst the yarious methods tried, it was found decidedly the best to correct the 
difference of these tints by the interposition of two Garcel lamps, burning 1 *48 oz. an hour, and at 
a suitable distance from the photometer, the electric light being placed at a distance of 131 * 23 ft. in 
the first, and 65*61 ft. in the second trial. 

-In spite of the uniformity of the electric current supplied to the regulator, the light, on account 
of the irregularity in the nature of the carbons, showea oscillationB, which for the most part were 
perceptible only in the photometric determinations, but on that account a great difficulty arose in 
oeterminiDg exactly the intensity and its definition in relation to the expenditure of power. 

It was only possible to avoid these drawbacks by increasiog the number of trials, and limiting 
their duration to very short periods. The sianddrd lamp having been placed in such a position as 
to balance the averaee intensity of the electric light, tne apparatus was kept at work during a 
certain time, and at ibe instant that an apparent equality was observed, a signal was given to the 
experimenter stationed at the dynamometer, and a diagram comprising a period of a lew seconds 
was obtained. Another observer recorded the speed of the dynamometer each minute, and the 
dynamometer diagram was renewed only at a fresh signal from the operator at the photometer. 
Tables IX. and X. give all the data obtained from the successful expermieiits thus conducted. 



TaBLS IX. — EXFEBUKlfTB WITH LABOB GEAMME MaCHINK. 

Batio of distances of electric light and Garoel lamp from photometer 40 
Ratio of intensities 40 



93 

93 = 1850 



Kvmbenof 
Dbgnin. 



Revolvttons of 

Cjiumomeler a 

Mlnvte. 



Mean OnUoates given 
Jbj the Diagnms. 



1 
2 
3 

4 
5 
6 



Mean 



238 
251 
248 
244 
241 
244 



in. 
•885 
744 
854 
-653 
614 
654 



244 



Foot-poimdi of Work a 
Second. 



4883 
4324 
4913 
3693 
3226 
3716 



«27=7-5{^^-^ 



Work done for 100 burners 7'5 : 1850 = 405 horse-power. 

Work each burner a second »• 2*23 foot-pounds. 

Table X. — Exfibdiehtb wtfh Small GRAmiB Maohinb. 

Batio of distances of electric light and Garcel lamp from photometer 20 : 1*15 

Ratio of intensities 20 : 1-15 = 302*4 



Number of 
Dijignun. 



Revolutione of 
Dynamometer a 
Minute. 



1 


234 


2 


238 


3 


244 



Mean Ordlnatea of 
Diagram. 



in. 
•279 
262 
292 



Woik done In Foot-poanda 
aSecond. 



1452 
1445 
1651 



Mean 



239 



1516=2-75{«^^iJ^ 



. 



Work done for 100 bumen 
Work each burner a second 



2*75 : 302-91 horse-power. 
4 : 97 foot-pounds 



In Older to asoertain the number of revolutions of the main shaft of the magneto-electrio 
machine, it was necessary to make certain that there was no slipping of the driving belt. By 
various experiments, the speed of the two shafts was tested by means of two counters, and it 
was thus found, in the first trial, that the actual ratio of the speed was 5 '18, the ratio calouUted 
fit>m the diameters of the pulleys, and the thickness of belts being 5*26. The speed of the Gramme 

2 K 
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maohine shaft was thus found by multiplying the mean speed of the dynamometer shaft by 5*22, 
which gave for the first series of trials, 1264 turns a minnte ; in the second series, the ratio of 
speeds being only 3*65, and the mean speed of the dynamometer 289 turns a minute, the number 
of revolutions of the maohine was 239 x 3*65 = 872. The apparatus, which gave a light of 1850 
Garoel lamps, is arranged as follows ; — The horizontal shaft carries two series of conductors pla<o^ 
symmetrically, the one on the left receiving the current from 15 bobbins spaced around a son-iron 
ring. In the intervals between these are 15 other bobbins in connection with the conductor placed 
on the other side of the shaft. The two currents combine when the bobbins turn around the shaft 
in front of the poles of Uie four electro-magnets, put in operation bv a portion of the current, the 
balance being led off to the electric lamp. The following aro the leading dimensions of the 
maohine; — 

Electro-magnets ; — 

Diameter of the electro-magnet 2*75 in. 

Length 15*90 „ 

Diameter of coU 5*19 „ 

wire -125,, 

Weight of copper rolled around each electro-magnet .. .. 52*8 lb. 

Bobbins ; — 

Outside diameter of soft-iron ring 7*67 in. 

Inside „ „ 6*18 „ 

Width of soft-ironrinff 4*68 „ 

Outer diameter of bol^in 9*05 „ 

Inner „ „ •, 4*72 „ 

Diameter of wiro * 1 „ 

Total weight of wire 808 1b. 

Diameter of conducting cylinders 8*54 in. • 

„ lamp wiro '8 „ 

Machine ; — 

Total length, including pulley 31*5 „ 

' „ height ., „ 23*03 „ 

„ width „ „ 21-65 „ 

The maohine giving a light of 3000 Garoel lamps is moro simple, as it has only a single series 
of conductors and small bobMns, and two deotio-magnets only. The following aro its leading 
dimensions — 

Electro-magnets ; — 

Diameter 2*75 in. 

Length 13*97 „ 

Diameter of coU 4*72 „ 

M wiro 0*15 „ 

Weight of copper around electro-magnet 31*5 lb. 

Bobbins ; — 

Outside diameter of soft-iron ring 6*61 in. 

Inside „ „ 4*84 „ 

Width of soft-iron ring .. 3-97 „ 

Outside diameter of bobbin 4*68 „ 

Inside „ „ 4*05 „ 

Diameter of wiro *07 „ 

„ conducting cylinder 3*5 „ 

„ wiro to lamp *34 „ 

Machine ; — 

Totallength, including pulley 25*6 „ 

„ height „ „ 19*92 „ 

„ width „ n 16-H ., 

The large machine supplies a lamp made at the works of M. Gramme, with carbons of * 123 
sq.' in. in section ; title lamp for the smaller machine was made by M. Serrin, with carbons of 
similar dimensions. 

The machines worked with regularity for a sufficient time to prove the absence of heating. 
Moreover, the work done was very uniform during the experiments, although one of them was con- 
siderably prolonged. 

As re^^s the cost of different modes of lighting, the following data are of interest The 
consumption of oil for 1850 Garoel burners an hour equals 1850 X 1*48 oz. = 2738 oz., or about 
6800 cub. ft. of gas. Under these conditions the cost of fuel would be onlv the hundredth part of 
cost in oil, and one-fiftieth part of the cost of gas-lighting in' Paris, ^he oomparison is less 
favourable for smaller machines, for from the data given it will be seen that for the large machine, 
each Garcel burner requires 2*23 foot-pounds, and for the small machine, 4*97 foot-pounds, or 
double the former. This expenditure oi work would, according to M. Heilmann, be increased to 
1*85 foot-pounds for each burner in a hundred-light machine. 

A lamp of 100 burners, to light a workman as well as would an ordinary lamp placed 18 in. away 
ttam him, may be situated 16*5 feet away ; a lamp of 300 burners may be 28*5 ft., and one of 
1850 burners at 70 ft. 4 in. ; these figures show that the largest sizes of lamps may be most usefully 
employed for lighting manufactories. 

During the competitive trials at the Franklin Institute, as to the relative efficiency of the 
machines as noted in the preceding pages, Professors Houston and Thomson took the opportanity 
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tbofl afforded to make a eazeful stady of many interestiiig oiroamstancea wbieh influence the eflicieney 
of these machines. 

A oonvenient amogement of the partionlar cirenmBtanoea to be diaooBBed is, those affecting 
the internal work of the machines ; those affecting the external work ; and the lelationa between 
the internal and external work. 

The mechanical energy employed to give motion to a dynamo-electric machine is expended in 
two ways ; in oyeiooming the friction and the resistance of the air ; and in moving the arma- 
tmre of the machine through the magnetic field, the latter, of coorae, constituting solely the energy 
available for producing electrical current. 

The greatest amount of power expended in the ibst way was noticed to be about 17 per oent. of 
the total power employed. This expenditure was dearly traceable to the high speed required by 
the machine. The speed, therefore, required to properly operate a machine is an important factor 
in ascertaining its efficiency. The above percentage of loss may not appear great ; but when it is 
compared with the total work done in the arc as heat, constituting, as it did in this particular in- 
stance, over 50 per cent, of the latter, and about 33 per cent, of the total work of the circuit, its 
influence is not to be disregarded. In another instance the work consumed as friction was equal to 
about 80 per oenl of that appearing in the arc .as heat, while, in the Gramme machine experi- 
mented with, this percentage fell to 20 per cent of that which appeared in the arc as heat, and 
was only about 7 per oent of the total power consumed in driving the machine. 

In r^;ard to the second way in which mechanical energy is consumed, in overcoming the 
resistance necessary to move the armature through the magnetic field, or, in other words, to produce 
electrical current, it must not be supposed that idl this electrical work appears in the circuit of the 
machine, since a considerable portion is expended in producing local circuits in the conducting 
masses of metal, other than the wire, oom'J)oaing the machine. 

The following instances of the relation between the actual work of the circuit, and that 
expended in loctu action, will show that this latter is in no wise to be neglected. In one 
instance an amount of power somewhat more than double the total work of the circuit was thus 
expended. In this instance also it constituted more than five times the total amount of power 
utilized in the arc for the production of light. In another instance it constituted less than one- 
third the total work of the circuit, and somewhat more than one-half the work in the arc 

Of course, work expended in local action is simply thrown away, since it adds only to the heating 
of the machina And, since the latter increases its electrical resistance, it is doubly iniurious. 

The local action of dynamo-electric machines is analogous to the local action of a oattery, and 
is equally iojurious in its effects upon the available current. 

Again, in regard to the internal work of a machine, shioe all this is eventually reduced to heat 
in the machine, the temperature during running must continually rise until the loss by radiation 
and convection into the surrounding air equals the production, and thus the machine will acquire 
a constant temperature. 

This temperature, however, will differ in different machines, according to their construction, 
and to the power expended in producing the internal work, being, of course, higher when the power 
expended in producing the internal work is proportionallv high. 

It therefore, a machine during running acquires a high temperature when a proper external 
resistance is employed, its efficiency will be low. But it should not be supposed that because a 
machine, when run without external resistance, that is, on short circuit, heats rapidly, that ineffi- 
ciency is shown thereby. On the contrary, should a machine remain comparatively cool when a 
proper external resistance is employed, and heat greatly when on short circuit, these conditions 
should be regarded as a proof of its efficiency. 

In regard to the second division, the external work of the machine, this may be applied in the 
production of light, heat, electrolysis, magnetism, and the like. 

Where it is desired to produce light, the external resistance is generally that of an arc formed 
between two carbon electrodes. The resistance of the aro is therefore an important factor in deter- 
mining the efficiency. To realise the greatest economy, the resistance of the aro should be low, 
but nevertheless should constitute the greater part of the entire circuit resistance. 

In some measurements the resistance of the arc was surprisingly low, being in one instance 
0*54 ohm, and in another 0'79 ohm. It was, however, in some instances as high as 3*18 ohm. 
The amount of work appearing in the aro, as measured by the number of foot-pounds equivalent, 
is not neeessarily an index of the lighting power. 

Perhaps the highest estimate that can be given of the efficiency of dynamo-electric machines, 
as ordinarily used, is not over 50 per cent ; measurements have not given more than 38 per cent 
Future improvements maj increase this proportion. Since the efficiency of an ordinary steam- 
engine and boiler, in utiUzing the heat of the fuel, is probably over-estimated at 20 per cent, the 
apparent maximum peroenti^ of heat that could be recovered from the current developed in a 
dynamo-electric machine would be over-estimated at 10 per cent The economical heating of 
buildings by means of electricity may therefore be regarded as totally impracticable. 

In respect to the relations that should exist between the external and the internal work of 
dynamo-electric machinea, it will be found that the greatest efficiency will, of course, exist where 
the external work is much greater than the internal work, and this will be proportionally greater 
as the external resistance is greater. Measurements gave, in one instance, the rolation of 
*82 ohm of the arc to *49 ohm of the machine, a condition which indicates economy in working. 
The other extreme was found in an instance whero the robistance of the aro was 1*93 ohm, while 
that of the machine was 4*00 ohms, a condition indicating wastefulness of power. 

DYNAMOMETER. 

A dynamometer is defined as an apparatus for the measurement of force expended or work done 
in various machines ; its construction depends on the purpose of the machine to which it is applied, 
whether the machine is supplying or consuming power. 

2 K 2 
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The steam-engine indicator la capable of being applied, with considerable aocnraoy, directly to 
power-supplying, and indirectly to power-consnming, machines ; but in trials where it is desir-i 
able that the conditions under which each machine is tried, shall most nearly correspond with 
those under which it will haye to perform its ordinary duty, it is preferable to substitute for the 
indicator two distinct forms of dynamometer, one to the power-consuming, the other to the power- 
supplying, machines. Both forms of dynamometer should be so constructed as to determine 
results in the gross, to record as a whole the performance of a given task, and the whole power 
developed by the combustion of a given supply of fuel. 

W. Fronde, in the * Proceedings ' of the Institution of Mechanical Engineers, 1858, deecribes a 
form of dynamometer adapted for machines consuming power. The description of this dynamometer 
and the accounted results obtained with it, should be x«ad in connection with the article on Belta 
in this Supplement. 

The belt dynamometer is designed to record by a diagram the performance of any power 
consuming machine which is usually driven by a belt, or can be so driven on the occasion of the 
trial. 

The conditions of force under which a belt transmits power to the machine it drives are the 
following. The belt must possess a sufiBcient amount of tension to maintain the necessary adhe- 
sion upon the pulleys ; and if the machine were entirely firee from friction, and were once put in 
motion without any load or duty, this fundamental tension would continue equally great in both 
the leading and trailing sides of the belt If the machine be loaded, and the friction of the work- 
ing parts always forms a portion of the load, the driving belt must be tighter on the leading side 
than on the trailing, otherwise the motion vnll cease on the application of the load. The differ- 
ence of tension between the two sides of the belt which must be thus brought into action, in order 
that motion may continue while the resistance of the load is in operation, is the exact measure of 
that load ; and if this difference of tension is known, tlie power consumed can be calculated, in 
exactly the same way as if the pulley were driven simply by a force of the same amount acting at 
the circumference. The two elements of the power consumed will be the actual force at the 
circumference of the pulley, or the difference between the tensions of the leading and trailing sides 
of the belt, and the distance travelled by this force, which is identical with the travel of the cir- 
cumference of the pulley, or of the belt itself. The power consumed, or the units of work expended' 
during any instant, will be the product of the difference between the tensions of the leading 
and trailing sides of the belt at that instant, multiplied by the space in feet travelled by the belt 
during that instant. The object of the belt dynamometer is, to obtain by a direct process a oon- 
tinous record of the difference of tension between the leading and trailing sides of the belt, 
combined with the space travelled during each instant, throughout the period occupied in the 
completion of a given task ; and if the total time occupied be noted, these recorded data can be at 
once converted into average horse-power consumed. The difference between the two tensions is 
ascertained by a direct process, analogous to that of weighing one against the other at the opposite 
ends of a scale beam ; in such a manner as to maintain equilibrium, not by adding weights to the 
lighter end, but by supporting the heavier end by a spring balance, the extensions of the spring 
measuring the excess of weight at the heavier end. 

Figs. 1065 to 1067 explain the construction. The power is applied by the pulley A, 
Fig. 1065, and is received and consumed by the pulley B of the roachme under trial, the motiou 
taking place in the direction of the arrows. The belt by which the power is conveyed from A, 
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^ B passes over the pulleys C and D, carried at opposite ends of the scale beam or swing beam 
B, and centred on it at equal distances from F. The upper and lower portions of the belt pass over 
the guide wheel G, and are retained parallel, though the swing beam E be made to move through 
an angle of many decrees. In case the pulley B of the machine be of larger diameter or at a higher 
level than the guide wheel G, a supplementary guide pulley H is employed to preserve the 
parallelism of the two portions of the b« It. 

In this arrangement the tight or leading side of the belt passes round the upper pulley C on 
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the swing beam, and the slaok or trailing ride loond the lower pnlley D ; so that the pnlley G is 
pressed horismitally by the tension of the tight side of the belt, and the pulley D by tbat of tho 
sUck side. These two tendons being equal, the swing beam E remains in equilibrlnm, and rests 
indilTerently in any position within a moderate inclination to the vertical line. But when unequal^ 
the spring balance I roceiyee the pressure resulting from the inequality, and indicates the amount 
The difference of tension varies with 
the varying duty performed by the 
machine under trial ; the variations 
of the spring, being recorded con* 
tinuouslv. together with the space 
travelled by the belt during the same 
instant, will furnish the measure of 
the power consumed. The total ten- 
sion on each side of the swing beam 
pulleys is double tbat of the respeo- 
tive portions of the belt, because the 
tenrion of the belt acts on both sides 
of the pulley, so that the spring 
balance indicates double the dif- 
ference between the tensions of the 
tight and slack sides of the belt, 
allowed for by the mode of oonstmct- 
ing the scale of tenrion on the dia- 
grams. 

The apparatus by which the dyna- 
mometer IS self-recording consists 
of a cylinder K, Figs. 1066, 1067, 
mounted in a frame attached to the 
end of the instrument, which is made 
to revolve by means of a screw and 
wonn wheels connected with the 
upper pulley G; the Mrew is provided 
with telescope and univercsal joints, 
00 as to allow of the vibration of the 
beam, one end of the screw resting 
on the movable arm of the swing 
beam, while the other is carried by 
the frame in which the cylinder is 
mounted. The revolutions of the 
recording cylinder represent on a re- 
duced soole the revolutions of the 
pulley 0. At the same time the 
pencil L receives a motion din>ct 
from the swing beam E, being con- 
nected with the upper end of the 
swing beam bv the cord J ; it is mounted in an arm which has a sliding motion parallel to the 
axis of the cylinder, and so placed that the pencil presses lightly on the surface of the cylinder. 
The tendency of the sprine balance to oscillate above and below its proper position, is checked 
by means of an oil cylinder provided with a loosely fitting piston, which is attached to the 
spring balanoe. There is also a commnnication between the two ends of the cylinder by means 
of a passage fitted with a stop-cock. The recording cylinder K, is provided with a continuous 
sheet of paper, and as it revolves, the pencil traces on the paper a curvilinear area, in which 
each increment in length represents the corresponding space travelled by the belt ; while the 
height at that point, measured from the datum line traced by the pencil when the spring 
balance is at zero, represents the btress upon the spring balance while the belt travelled through 
that space. The aggregate area included in any length of diagram represents the units of the work 
performed. 

The swing beam E, Fig. 1066, is so constructed tbat the belt can be slipped on and off the pulleys 
when required, and the pulleys are overhung. The pulleys should be relieved as completely as possible 
from the friction produced bv the tension of the belt, for this friction will be combined with the 
resisiince experienced by the belt, and will thus form part of the force recorded in the diagram, and 
be improperly charged to the machine under trial. Both these requirements are met by carrying 
each pulley in a bent bracket fixed to the end of a swing beam, having a friction roller N on each 
side, against which the journals of the pulley bear. Such an arrangement would be somewhat one- 
rided in supporting the pulleys, and some oblique deflection would be produced bv the stress of the 
belt, cauriiig the pulleys to be deflected from their true working plane bo that the belt would run 
unevenly ; and this was obviated by cranking the arms of the swing beam in the plane of the axes 
of the pulleys, so as to introduce a duly compensating deflection in a direction opposite to that in 
which the axes of the pulleys are deflected. By this means the axes of the pulleys are preserved 
truly parallel to the axis on which the swing bc^ra vibrates. 

In reference to the amount of stress brought upon the swing beam, the working tension of the 
belt is composed of two distinct forces, the fundamental tension of the belt whereby the requisite 
adherion is maintained, and the excess of tenrion constituting the driving force. The excess of 
tension or the driving force is wholly taken up by the springs of the indicating app iratus, and the 
fundamental tenrion of the belt abne constitutes the stress upon the beam, which must accordingly 
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be strong enoagh to giye inffioient adhesion for the greatest driving foioe that the dynamometer 
will have to measure. It appears by experiment that when a belt is passed oyer a pulley with a 
weight suspended from each end, the arc of contact being a semicircle, the lighter weight most be 
at least one-third of the heavier in order that the belt may not slip ; but practically it is better to 
reckon the lighter one-half of the heavier, in order to be secure against the loss of power that 
woidd result from the belt slipping. The lighter weight is thus equal to the diiferenoe betweea 
the two weights. 

The dynamometer is so arranged that the tight side of the belt always runs upon the upper 
pulley C, and the indicating apparatus K is placed on a level with it ; this arrangement accords with 
the direction of motion invariably adopted in the oon&truction of thrashing machines. 

The motion of the recording cylinder K, is transmitted from the upper pulley G on the swing 
beam, through the two successive worm wheels R 8, and each of which reduces the speed to ^th, so 
that the rate of rotation of the recording cylinder is Yi>^th of that of the pulley. To avoid the 
errors which might creep into the analysis of the diagrams, by constructing the longitudinal scale from 
the compound ratio of speed and diameter alone, the first worm wheel B carries a cam, which at 
each revolution acts upon a subsidiary pencil placed alongside the indicating pencil ; as long as the 
subsidiary pencil is unmoved it traces a straight base line lengthways of the paper, but each action 
of the cam produces a momentary deviation, which forms a narrow indent on the base line, each 
indent marking the completion of 50 revolutions of the pulley, or the travel of 157 fL of belt, the 
pulley having a circumference of 8* 14 ft. 

As in the analysis of the diagram, each of these divisions marked by the cam stands for the unit 
of distance in calculating horse-power, the calculation is much simplified if the diameter of the 
pulley is made | in. larger than 1 foot, giving a circumference of 3*8 ft, so that 10,000 revoluttona 
give 33,000 ft. 

The scale of tension in the diagrams is determined as follows; — ^The working belt is removed, 
and replaced by a belt attached at one end to a fixed point in the foot of the frame, as shown 
dotted in Fig. 1065, passing over the power supplying pulley A, which then serves merely as a 
guide puUey, then round the upper pulley G on the swing beam, and over the large ^ide pulley G. 
The loose end of the belt is provided with a dish to hold the weights used in determming the scale. 
Any weight suspended at the extremity of the belt will give exactly that stress on the indicating 
springs which would be produced by an effective driving force of the same amount The dish with 
its appendages make up a weight of 50 lb., and bring the indicating pencil to the same position 
that It would have if a machine wero under trial with an effective driving power of 50 lb. ; a small 
motion given to the paper cylinder by hand, marks on the paper the position of the penoil. The 
same operation is repeated' with such successive increments of weight as serve to make up a 
convenient fundamental scale, and whatever irregularity there may be in the springs themselves, 
or whatever want of equilibrium in the swing beam, the scale thus constructed is accurate, since it 
is made by the identical forces which it will have to record and measure. In order that this scale 
of tension may appear throughout the entire length of each diagram, eight adjustable pencils carried 
in ft frame rest upon the paper, just dear of the path of the indicating pencil, each of which 
is adjusted accurately to one of the lines marked in the formation of the scale ; as the diagram 
proceeds, each pencil rules a straight line on the paper, showing the position due to the force which 
it represents. This greatly facilitates the analysis of the diagram, and adds to the accuracy of the 
results ; and a further fieicility is obtained by using pencils of distinctive colours ; for example, each 
100 lb. line red, and each 50 lb. line blue. 

Friction brakes, or dynamometers, aro adapted for measurements with power supplying 
machines ; and act upon the principle of absorbing by a friction brake the power given out by 
an engine when working at regular speed and pressure, and measuring the weight required to 
give the necessary amount of friction to absorb the whole power. The simple form of brake first 
used for this purpose has undergone considerable modifications : for an instrument is required which 
can be maintained in continued action for a long period without any variation in the resistance 
which it offers to the motion of the engine ; so that the total power developed in each case may 
be accurately ascertained, without any correction being required for variation in the resistance over- 
come during the period of trial. 

In the brake, dynamometer of J. Imray the friction or hold of a belt upon a drum is held to be 
independent of the diameter of the drum ; for although it has been sometimes considered that a belt, 
of given width, drives a drum of large diameter, with less slip than one of small diameter, and this 
may be the case if the belt be rather rigid, and the comparison be made between a laree drum round 
which the belt can easily bend, and one so small in diameter that the resistance of the belt to flexure 
prevents it from bearing fully on the surface of the drum, yet within fair limits, and with belts of 
sufficient fiexlbillty, the diameter of the drum has no effect whatever on the friction of the belt upon 
its surface. This has been experimentally proved by J. Imray with drums of various sizes ranging 
from 5) in. to 14 in. diameter, and from 15} in. up to 88| in. diameter, in the following manner. 
The drum was held fast in its bearings, and a belt passed over it so as to embrace half the ciroum • 
ference, with weights P and W hung from its extremities. The larger weight W was gradually 
increased until it just made the belt slip; and consequently the excess of W over P exactly measured 
the friction of the belt. The ratio of W to P was thus determined, and it is evident that if with a 
given aro of contact this ratio be found to remain invariable, whatever be the diameter of the 
drum, then the friction also is independent of the diameter. In this manner five drums wero used 
of small diameter, ranging from 5} in. to 14 in. The same belt was employed with each drum ; it 
was very flexible, 1{ in. broad and | in. thick, weighing about 2 lb., and in reckoning the values of 
P and W, half the weight of the belt or 1 lb. was added to each of the actual weights suspended. 
The following results were obtained showing the values of the ratio of W to P with the different 
diameters of drums. 

From these experiments it appears that the largest drum presented almost exactly the same 
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friction M the mallett ; and Uie molts of all these flfteeo eiperinients agree so nearly that it may 
safely be inferred that the diameter does not aifeot the amoont of friction. 
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Three drams were tried of the diameters 15 - 8 in., 24 - in., and 35 - 8 in. reapectiyely. The Isrgeet 
dram was well polished and f;reaBy, the smallest was turned bnt not polished, showing the tool 
marks ; and the int^mediate size was also tnmed, bnt not qnite bo smooth as the smallest In these 
experiments also the belt was tolerably flexible, about 3 in. broad and -f^ in. thick ; and the weight 
of the belt and scales for receiving the weights being 28 lb., half that amount, or 14 lb., was added 
to each value of P and W. The following were the values of the ratio of W to P with the different 
diameters of dnun. 
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From these experiments it appears that while the larg^t of the drums presented the greatest 
friction, yet the amallest presented more than the intermediate size, and the discrepancy is readily 
aooountod fur by the difference in the smoothness or polish of the surfaces. In neither set of 
experiments does the result with any of the drums differ from the average more than may Hedrly be 
aoocmnted for by variations in the polish of the surface. 

That the friction of a belt is thus independent of the diameter of the drum which it embraces, is 
the result arrived at also by theory. The formula obtained by theory for the ratio of W to P ij 



W 
log. «p =/X 0, 



or 



p=2-72/Xa; 



2-72 being the base of the hyperbolic logarithms* / the coefficient of friction or the ratio of the 
friction to the pressure, and a the angle of the arc of contact of the belt with the drum. This 
formula does not involve the diameter of the drum, and accordingly shows that the friction is inde- 
pendent of the diameter. It Ib matter of common observation that, when a belt is overloaded with 
work and slips on the drum, the slip is prevented by substituting a drum of larger diameter ; stUl 
tlus effect does not result from an increase of friction being obtained with the larger drum, bnt 
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Ilita formula in represented aa a cnrve in Fig. 1068 
by nteanfl of whioh the Tslne of the ratio of W to P may 
be teadily foond, for any valnes of the coefficient of 
friction and aro of contact Thus if the ooeffieiont uf 
friction /be tor 0'33, and the bio of contact a be 2, 
that is twice the radioa, tben the product /x a is 0-67; 
and ficdiag this point on the bneelme, thecorreiponding 
height is I'95, which is therefore the value of the 
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by a single tnra while three turns ra>ge it to the <mbe, and so on. Thus a single tun. of a hemp 
i™e round »^ "^ P-t giTes a valne of saj; 9 very nearly for the friotiou ; or in oSer words a tensioS 
of 1 lb applied at one end of the rope ^1 resist ft tenmon of 9 lb. at the other : 
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Han of 9 X 9 X 9 or 729 ; and so on, every 
additional coil thus ginug an enormous in- 
erease of friction. 

The reenlls of the abore eipaiments were 
applied to the construction of an 
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means of » friction brake or dynamometer. 
In the previous inetrumants of tlils kind, the 
total friction of the belt on the dram, after 
having been originally a4jtl8led in amount by 
the weights sus[)endod from the belt, is then 
legnlated to maintain the inalruineat in its 
correct adjuBtment : this is aooompliihed either 
by means of a tightening screw in the belt 
adjusted continuonsly by hand, as in the 
earlier dynamometer; or by means of a lever 
with nntquftl arms, as in Appold's friction 



of oontact, the brake dycamometei 
Fig. 1069.. The friction drum A 

be measured. Two ladiel arms , „„„ „„ 

eitremitiea DD fonned to coincide aocutately with an 
the arms are capable of revolving Ireely on (he shaft ' 
neclad togethr- "■ —l.-j i... ■" . 




applied, 

fixed on the shaft B driven by the enpne or other power to 

fitted one on each side of the drum A. haviM their 

arc of the circumference of the drum ; 

and their otlier eitremitiee a 
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aoqwuded the oonnteiUanoe weight P, keeping the helt in close oontaot with the dnim over the 
mn £ F. The load W is soBpendra from the eztremiiiea D of the ndial arms, by means of two 
thin faraae sfarape or chains passing over the arcs D, on each side of the dram, and not in contact 
with its oircamfereiioe. 

The action of the dynamometer is as follows : While at rest, the load W remains on the ground, 
but by patting the drum in rotation, the friction belt being strained tight by the counterbalance P, 
and being in contact wiUi the drum over the arc £ F, presents sufficient friction to raise the load W, 
and with it the radial aims C, which continue to rise, and by their rise to diminish the arc of contact 
of the friction belt, and reduce the amount of fricti<m, until they assume such a position, that the 
counterbalance P and the friction of the portion of the belt in contact with the drum just balance 
the load W. VHieneyer the intensity of the friction is increased during the trial beyond the 
ayerage, from heating or imperfect lubrication, the arms will rise still further towards the extreme 
position, and further diminish the arc of contact £ F ; and whenever the intensity of the friction is 
diminished, as by the use of oil, the arms will fall back and increase the arc of contact E F until 
the friction will sustain the load ; the total friction being thus preserved oonstanl The load W 
and counterbalance weight P are adjusted beforehand within proper limits, so that the vibrations 
of the arms C may be confined within the extreme positions. 

In this brake dynamometer the load remains constant daring the whole trial, and acts at a 
constant leverage by means of the arc D at the end of the arms G ; while at the same time the total 
friction of the Mt on the drum idso remains invariable, being entirely unaffected bv changes in the 
coefficient of friction, since a corresponding correction instantly takes place in the length of the aro 
of contact of the bell In applying this dynamometer to measure the power of an engina, it is only 
necessary to take the difference in pounds between the load W snd counterbalance weight P, and 
multiply it by the velocity of the <droumference of the friction drum in feet a minute ; the product 
of these divided by 83,000, gives the horse-power developed by the engine. In order to avoid any 
objection as to oscillation of the arms, which, though it would not affect the accuracy of the test, 
might seem objectionable to those whose engines were subjected to it, the counterbalance weight P is 
arranged in the form of a piston and rod immersed in a cylinder containing water; the piston fitting 
the cylinder so loosely that it could gradaally assume the true position of equililnium, while at the 
same time its movement is so much resisted by the water, that it could not undergo sudden changes 
of position. This arrangement renders the dynamometer as steady in its action as could be 
desired. 

The oldest draught-testing instruments are spring links on dial balances, analogous to the 
Salter balance. One of these instruments is Ulustrated, p. 1302 of this Dictionary. 

The divisions on the dial do not obey Hool^s law of tlie distances travelled varying as the 
pulls, and it is necessary to determine all the divisions hj actual experiment Also the springs 
seem liable to twist, probably dependent upon the exact points at the ends at which the pulls &re 
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applied ; and this, combined with a little wear of the pins in the lever, seriously affects the uniformity 
of action of the index hand. 

The resistances of implements drawn by horses are very irregular and jerky, so that it is 
extremely difficult to read the mean draught on such an instrument with any degree of aocuraey. 
These spring links have generally been superseded by integrating traction dynamometers. 

The plough dynamometer, the first of these instruments, illustrated in Figs. 1070 and 1071, con- 
sists of a light wrought-iron frame, mounted on four wheels, three of these AAA belOg supported 
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on ailea a4J°*''^lB Tertioallj and horinmtall; with clampa oa the &uiia^ exactly ta in wtied 
plough*; while the foarth wheel B, wliicb ia l&rger,isfu^nstableou theucof scircleC, Kud^TM 
the speed mechaDiam by a pitch chain and wheel* D. The object of the vertiol adjaatmeatB of 
the wheela ia to permit one or two wheela to mo in a furrow of aay depth, while the otben ma on 
the onploughed surface. OeneiuUy, when in actiOD, the amail wheel on the driTing aide ii lifted 
up altogether, to ensure that the traversing «he«l shall alwaya pieaerve ita oontact and driTing 
power. B; meana of the pitch cljaiu, the shaft £ with the lairge gua-metal diao F at one end of 



it, and the paper dram G, worked h^ a wona and wheel from the shaft, are driven at apeeda pro- 
portional to the actoel speed of the implement, as meaanred on the trsTenilig wheeL They can, 
however, be disconnected at will bf means of the elntch and handle B. 

The paper drum ia arranged to rei;eive one sheet of paper, wound lotuid it aa in a ataam- 
engine indicator, and a pencil attached to the frame is preeaed against the paper by a spring, to 
dian a etraight lero line on the pHperaBthedruui rcTolves. On the end of the drum adiatauce index 
I la engag^, one revolution ^iTing ahoat 200 yards travel in the inatramenta for English naa. 
The drum and this index can be disconnected, without atopping the rest of the working patta, by 
the screw at the end of the drnm. 

Tho horses are attached to the main frame and carriage at ita front end K, and the impletoeDt 
to be tested is attached to the eve I> at the back end of the draw-bar. This draw-bar ia attached 
to the back end of the oil cylinder H, and a piston rod in this cylinder, attached to the eltreme 
front of the carriage, aaista in aupporting it. The draw-bar is fiirther supported by the three 
cross frames of the earriage, througn which it passes ; and two spiral apnnra N O embrace it. 
From the draw-bar risea a vertical cross-head, to which a horizontal guide bar P P ia bolted. Thia 
bat slidee through two of the cross frames, and across the frame ^ tlie large diao F, and it !• 
mooBted with head-stocks which support the ends of a deliontely fitted shaft R, on which a mnall 
brass disc B is keyed or soldered, in such a position that when the instrument iannloaded Ittonchea 
the large disc exactly at its centre. The small disc, generally about IJ In. in diameter, is termed 
tlie integratiag disc, and by menns of its shaft, and a short piece of india-rubber tnbe forming a 
tmivenal oanpling, it works tho small counter T at the hack end of the bar ; this oounter ia tho 
integrating coonter. The bar P near its front end carrlta a pencil U in a light apring, which pmnara 
It against the surface of the paper dmm. The large diao is pressed agaioat the edge of the small 
raeby menna of a apring contained in the hollow abaft which carries it The revolutiona made by 
tbe large disc in any time mnst be proportional to the distance traversed in that tinw, aa meainred 
by Uie tnverae wheel which drivea the diao. The pull of any implement applied to tbe draw-bar 
will compitai the springs to as extent proportioned to the pull applied, and wiU move the imall 
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djBo aioroaa the &oe of the large difo to the aame extent. If the edse of the mall diao is exactly 
tonohing the centre of the laj^ diac, when the springs are unloaded bnt not bUioJe, the distance of 
the sntaU disc from the centre of the large will also yary directly as the strain, and the Yelodty 
imtio of the discs will vary in the aame proportion. The number of rerolntions of the small disc in 
any experiment will depend partly npon the distance travelled, as measured by the revoltttions of 
the large disc, and partly upon the pull of the Implement. The number of revolutions of the small 
disc, maltiplied by a constant coefficient, is equal to the distance run multiplied by tiie pull, or to 
the foot-poundd of work done. Each set of springs has its own constant, determined experimentally. 

In a perfectly adjusted instrument, with perfect springs, the constant could readily be deter- 
mined from one set of such experiments ; but in practice the constant thus determined is never 
exactly the same for the different loads. 

It is derirable with this and other dynamometers, in testing each implement, to take tw%> runs 
of about equal length in opposite directions, adjusting both counters to zero befqre the first run, 
and noting their registers after each run. The resnlts are determined from the means of both runs. 
This precaution avoids risks of error from slight inclinations of ground, and gives immediately a 
ready check on clerical and instrumental errors. All distances recorded should be taken from the 
distance scale or counter, and not from measurements in the field, as the traversing wheel may 
alter its effective diameter by clogging, or might stop temporarily. The following is a simple and 
systematic sequence for tabmatinig results ; — 



Distance registered in ft d 

Index registered n 

fi 

d 

at 

oonrected •• • • 



Index a ft run 



V 



l^^ 



Fi-lb. afoot run, that is also mean draught in lb. 

Where C is the constant of the machines. 



C(-,±B) 



lOTa. 



The pmr cylinder referred to in the description of this instrument, enables (fiagrams of the 
strains and variations of strain to be taken during trials of implements. The paper being wound 
tight on the drum and secured, the zero pencil must be adjusted to mark clearly and steadilv; 
ttoi, the springs being unloaded, and the integrating disc at zero, the strain pencil must be 
adjusted to mark the cylinder on exactly the same line as the zero pencil. When the instrument is 
started, 'a diagram is produced of which the zero line forms the base ; the abscissaa denote distances 
on the same scale as the distance index, and the ordinates show the strains on a scale of loads 
determined from the springs. 

The horse dynamometer was designed primarily for testing carts, waggons, and other wheeled 
vehicles having shafts. 

The general principle of this dynamometer is, that it shall occupy the same position as a 
powerful cart-horae in any wheeled vehicle to be tested ; that it shall draw the vehicle on any 
sinuous course by means oif harness attached to the shafts in the usual way ; and that in doing this 
it shall register the most important strains which a horse would have to exert in drawing it 

All the instrumental parts are self-contained on a small bed-plate A A, Figs. 1072, 1073, mounted 
upon a carriage frame B B of wood and iron, resting upon four cast-iron wheels, which add to its 
stability by lowering the 
centre of gravity. £ is a 
pair of untempered steel 
draught springs, which are of 
uniform width, with planed 
edges, and are Jointed with 
an accurately fitted pin at 
one end, and two sucn pins 
with a short link at the 
other end. This arrange- 
ment prevents any tendency 
to parallel motion, as would 
be the case if there were links 
at both ends ; and at the 
same time permits each bar 
freely to assume its own shape 
and length, when under 
strain, wMch could not be the 
case if the springs were 
attached immediately to one 
another at both enos. The 
longitudinal section of the 
springs is approximately par- 
abolic, the bases being at the 
centre eye in each case. There are three pairs of these springs readily interohangeable, two pairs 
being 4 ft. long between end centres, and suited for maximum pulls of 600 and 1000 lb., and the 
third pair 5 ft. long, working up to 1600 lb. pull. The centre eye of the front spring is held 
by an aocoiately turned pin C, carried in a fork oast on the frront end of the bed-plate ; the ^e of 
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the other spring U similarly carried m a fork on the end of the tamed dran^ht bar, and is carried 
only in two bearings F behind the fork end, and the oil cylinder G at the beck of the bed-plate. 

Behind the bearing F the draught bar is flattened, and the draught plate H H is jointed to it 
with washers above and below, to ensure great freedom of motion horizontally. This draught plate 
is a yery important detail, and represents a horse's shoulders and collar ; it is attach^ to the 



1073. 




draught bar at its front end by the centre pin E, and the comers are supported on easy running 
castors 1 1, which moye freely in any direction on the top surface of the bed-plate. To these 
comers, beyond the castors, and oonsiderably behind the centre pin, are attached the draught 
chains L L, which are hooked to the shafts D D of the Yehide that is to be tested. The height of 
these chain attachments, and their width apart on the draught plate, are very nearly identical with 
the height and width of the similar attachments on the collar names of a 16- hand horse ; and the 
dynamometer therefore will draw a vehicle behind it round a considerable bend, always keeping 
both draught chains strained, and inclining the vehicle to follow in its track, without bearing 
materially against the inside of either of its shafts. The castors elimiuate all vertical components 
of ptdl, so that only the direct horizontal components which are effective for doing work are com- 
municated to the sprincs. 

Above the oil cylinder Q a wrought-iron chain saddle M, representing that carried by a horse 
in cart harness, is suspended from one end of the lever N, the other end of which is held by a 
Baiter's balance O at the rear of the carriage. Over the saddle the ordinary shaft chains are passed, 
and the aliafts being adjusted to their proper height by means of it, the weight carried on the 
saddle, in any experiment, can be read off readily on the dial referred to. Breeching chains are 
attached to the side frames, for restraining implements behind the instrument when going down 
hill. At the rear of the carriage, arrangements are made for testing any pair of sprines readily 
in the field by means of a long ended bell-crank lever, the short arm of which can be linked 
when necessary to the back end of the draught bar, while to the long horizontal arm known 
weights are suspended at its outer end. The intpgrating and registering apparatus are similar in 

Erinciple to those in the plough dynamometer previously described. The distance counter and 
irge disc R are worked by means of bevel gear and shafts P P from the hind shaft of the carriage, 
which is keyed into one travelling wheel, while the other runs loosely upon it ; a clutch and handle 
serve to disconnect or connect the gear readily. The motion of the draught bar is trebled on to the 
integrating disc S by means of the lever T, which has its fulcrum self-contained on the bed-plate, 
and at its upper ena is connected by the link U to a small gun-metal sliding frame V, which rests 
in two easy fitting bearings, and contains in itself the intemting disc 8, with its shaft and a 
simple and easily read counter W worked by it, for recording the number of revolutions of the di«c. 
The front end of the slide also, beyond its bearing, carries a pointer X. for indicating to an observer 
the variations of draught and the maximum drauglit, on a clearly figured scale of loads. The 
distance register is kept on an equally clear counter behind the large disc, and worked by toothed 
whiels oti the driving shaft. 

The friction brake dynamometer, which absorbs the available energy of any prime mover by 
the friction of a strap on a pulley, and measures its amount at the same time, was invented l^ 
Pxony, but improvements were introduced by Appold. Both forms of instruments have been 
described in this Dictionary, pp. 616 and 627. 

The 100 horse-power friction brake is on the same principle, but has three brake pulleys on 
the same shaft It consists of a cast-iron carriage and frames, supported on wheels and axles, 
for mnning on rails in a long tried shed, opposite to which the several engines to be tested should 
be parked. Two 5-in. bearings on the frames carry the main shaft, on which three brake pulleys, 
each 5 ft. diameter and 7 in. wide, are keyed, two of these being situated between the bearings, and 
the third on an extension of the shaft beyond them. To the end of the shaft a universal coupling 
shaft is keyed. Any engine to be tested «cyust8 its crank shaft as nearly as possibl* to the same 
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height and direotloii aa the brake shaft, and then conples on to the nnlyenal oonnllng shaft with 
aimilar fork oonplings, one of which is arranged to slide on the shaft so as to adjust the length 
exactly, and ayoid risks of end friction on any of the journal collars of either engine or brake. 
Each of the three brake pulleys constitutes a complete brake in itself, and for moderate powers it 
is sometimes desirable to run with only one or two of them at work, the straps in that case being 
lemoTed bom the others. The brake also can be driyen by a belt oyer one of these pulleys, if it is 
inconTenieut to use the universal coupling shaft. Gun-metal side guides are screwed to the sides of 
the blocb to keep them in position laterally. On one side an eye is formed in the straps, and to 
this joint the testing weights are suspended by means of a rod. On the opposite side of the pulley 
the straps are cut, and connected again by means of the right and left-hand screw, for at^usting thie 
degree of tightness by hand. 

At its lowest point the strap is severed again, and the ends are connected by pins to a pendulum, 
sometimes called the differential lever. Its object is to maintain a uniform frictional resistance on 
the brake by keeping the joint of attachment of the weight at a constant level, and this it does 
with extreme delicacy in the following manner. The pendulum consists of two links suspended 
from joints on standanis at each side of the pulley. Their length may be adjusted by nuts at their 
top ends, and by means of the joints in the standards they are free to move through angles of 
moderate extent on each side of their vertical position. 

The fint esaenfial with this pendulum is that its length shall be less than the radius of the 
brake pulley, and the second is tnat the ends of the strap on the weight side of the brake shall be 
jointed to it, at a greater radius from its 'centre of suspension than ttie strap ends on the opposite 
side. A pointer on a standard marks the proper position for the joint, and the effect of the pendidum 
reguLiting apparatus is that, if, from any cause, the friction uf the brake blocks increases, and lifts 
the joint above the pointer, thus circling the whole strap slightly round the pulley, the pendulum 
will incline towards the weight and sladcen the strap in that direction to a greater extent than it 
tightens it in the opposite direction, in proportion as the ndins of the one joint ia greater than that 
of the other. The result is that the joint wiU return nearly to the pointer, and if from continued 
actions of this kind it should move materially from this its normal position, the strap must be 
slackened till the joint returns. A similar but directly opposite action takes place if the joint ffdls 
below the pointer, from the strap being too slack. The weight-rod carries at its bottom end a disc, 
which is a very easy fit in an open-topped cylinder or dash-pot, filled with water when the brake is 
in use. The weights are of different sizes, and are slipped on to the rod above a disc, which is 
screwed to it for supporting them at such a level as to be well above the top of the dash-pot, when 
the instrument is in use ; l>ut so that they can rest on the top fiange of the dash-pot, when the 
brake is at rest, without pushing the pendulum very far over in the opposite direction. 

The revolutions of the brake are registered on a counter, placed on a standard opposite the end 
of the shaft, and connected or disconnected at will by means of a handle and driving pins on tho 
shaft and counter. Platforms are laid round the carriage for the convenience of the attendants, 
one of whom must always stand by the adiusting screws, and alter them when necessary to keep 
the joints opposite the pointen, while anotner looks after the lubrication and cooling of the straps 
and pulleTs with water services. The usual lubricants used are tallow and blacklMd, introduced 
in lumps between the wood blocks, with a little oil occasionally from lubricaton suspended above 
the pulleya Water cans with cocks are also placed above the pulleys for the water-cooling services, 
the supply to the cans being usually kept up by a small hose. 

A forked steel gauge is provided for measnring the exact radius of the joint, at which the 
woghts are suspended. To facilitate tiiis measurement, the joint pin is turned down to sharp 
points at its ends, and the mean distance of these points on either side of the pulley from the shan 
centre are taken by pressing the fork of the gauge against the shaft and reading off the figures on 
a scale at the other end of it. The gauge nas also engraved upon it a scale of the circumference 
of the circles corresponding to the radii of the joint, and it is usually more convenient to read oS 
this scale. The wora block beneath the joint is increased in length beyond the other blocks, partly 
to increase the bearine surface on the pulley there, and also to make the halves of the strap witn 
its blocks, as divided oy a vertical centre line, equal in weight Then the effective load upon the 
brake is Uie load suspended by the rod including the weight of rod and washer-plates as measured 
with the bottom disc in water, together with the weights carried by the rod. 

The foot-pounds of work a revolution then equids the e£Eective weight W, multiplied by the 
oireumference of the circle. 

Putting W = total effective weight in lb., o =s cireamferenoe in ft of cirole of radios of polley 
fi = number of revolutions in any time, t = time in minutes, then total foot-pounds of work aone ^ 

'*jaf ^^ ^ ^^ ^^ 

W X c X n, and the mean actual brake horse-power = — j* 

00,000 X • 

In England it is usual in trials of portable and othor engines to let each exhibitor determine the 

mean sroed in revolutions a minute, and the horse-power at which he wishes his engine to be 

tried. Let r be the revolutions a minute, and P be the power which he elects for, then the gross 

weight on the bnJce must be 

_ 83,000 X P 
W = — — — -^ 

c Xr 

and from this must be subtracted the weight of the rod, to determine the apparent weights which 
must be applied. 

The rotary hand dynamometer, Fig. 1074, for testing small hand-worked machines, consists of a 
bed- plate and two frames, carrying two parallel shafts A B and OD, connected bv a pair of toothed 
wheels U and V, each 14 in. diameter and If in. wide. The first of these shafts is supnorted in 
parallel beerings in the usual way, and carries at one end a fly-wheel E, 3 ft. 10 in. in diameter, 
with a handle at 16 in. radins, for working it by manual power. The second shaft has a bearing of 
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lonnded internal seotiOD D at one end, to permit the ihaft to incline sligbtiy apwardi at the ot)ier 
end. Wben the instrnment ia not in use, thi» tbatt resta in the bottam of a (lot C io the A. tnzae, 
a permit it to rise and circle ronnd the centre ot the ahaft A B. At its end D, thii shaft 



a belt pulley M, 2 ft. 7 iu. diameler, and i in. wide, &arn which anj msebiae to be ta 
A long lever FL enoircleg the two main Bbafta at G and A, and is ' ' '~ ~ 
[inteiweigbt L at one end, and a 



driven. A long lever F L enoircleg the two main Bbafta at G and A, and is prolonged to a heaTj 



other luapendB a Baiter's spring balance 
F, attached to a cantilerer projecLing 
from the bed-plate. An oil cylinder Q, 
below the leTsr, reduces any vibratina 
which may arise in the appamluB. The 
lever it aconrately bushed at A, go that 
the shaft A B can revolve within it, 
without allowing any transverse un- 
ateodiuen of the lever. The bush at C 
encircling the other abaft is rounded or 
knife-edged iu the middle, to permit the 
abaft to ri^e in the slot bs above de- 
■cribed. 

To the face of the weight Laconntfr 
N is attached. This is hinged at one 
end, with a spring behind it at the other, 
■o aa to prea a amall integrating disc 
oontained in it against the face of a 
driving disc 0, which ia driven by a train 
of wheelwotk F ftoa the abaft AB. 
Tbia wbeelwork can be disconnected at i 
pleajRue bj the oluloh and handle Q; 
and it alto drives a counter B, for ^.^ 
registering the nnmber of revolntiona ^" 



J, must be adjnated lengthways, so a* to 
e driving bef "' — " '" .- . 

suspended IVom the driving pnlley M, as that also must be balanced. 

The counter N is shifted longitudiaally on the face of the weight, till the iot^rating diao N is 
exactly opposite the centre of the diao O, when the lever is at the right height. Tlie screw above 
the spring balance F most then be arijuited till the integrating disc N ia exactly at the right heigtaL 
The spring balance should now stand at leio on ita aoale, otherwise the balanoe of the lever moat 
be further corrected with small weights. 

The inatmment is usually worked by two men, at nearly uniform speeds, regolated by the 
vibration of an adjustable pendnlnm suspended to the fiame. The inatmment being in tree 
adjustment, the foot-pounds of work done in any revolution ia equal to the pull in ponndi 
upon the spring balanoe F, mnltiplied by the cininmferenoe in ft. of the oitcle whoee radius 
is AF. This can be eqnated to the index recorded by the integrating eomiter N, mnltiplied 
by a constant C, which can he determined Aversely by pressing the lever upwards till th« 
•priog balance reoords a oertain strain, and then noting the int^ration recorded by the counter N 
iD a given nnmber of revolutions, by the revolution oounter B. 



*-t_I_-l L- 



Then if W = strain on spring balance in pounds, c = circumference in ft of circle of radius 

A F, n - revolntiona of integrating counter, N = revolntiona of hand-wheel, the foot-pound* 

Of work done, NxcxW = Cxn. Therefore = ""'^ — . 

If the Inatrument la not in perfect at^nttmaut when tested, and incceaiiTO leadings with 
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dUCaent load* on the Epring kre not eiaotly proportioiul to those Inadi, it will genenJl; be found 
that the readingi e»D be made proportional to one anotber, by adding to or snbtractiug from each 
reading the product of a oonitant K Into the reTolationi N. The rsnilt i« that in all BQbseqnent 
caloolationa (s ± K N) miut be rabatitnted tor a. 



Then the foot-poundi of work done = C (n ± E N), and O 



N X 



K W 



••±KN 

The 20 horw-power rotary djnamometer, Figi. 1075 to 1077, oonaiBte of a pair of well-bslanoed 
UM and looae pnlleya A mid B, on a shaft D, whioh i» carried in bearings on two fmmea, mip- 
pOTted on a timtiet csniage. The power of the engioe or other prime mover li conveyed to the 
djnamoDieter, either by a belt on the patley A, or by a oniTenal oonpling abaft. The machine 
under trial ia driven by a belt from the pulley B. which, though looae npon the ihaft, ia oooneeted 
with the pulley A by a eeriea oF Bpringe, vhioh permit it to lag btfiind the pulley A, the anglca of 
twist bi:ing proportional to the effecUve sttsjn ttwemitled bv B. 

The apringa are arranged in the rollowing manner. The boM of the pulley B projects 2 ID. 
linoDd the ed|{e of its rim : and bom the inside of the rim of A two flat plates F F, at opposite 
sidea projeot into the pnlley B, Figs. 1076, 1077. To the bo6B of B and its elongation, four cnrved 
springs, shaped like short watch-springs, and each 2 in wide by -f^ in. thick, are attached. Two 
of tbeae G G, near the centre anus ol B, wind ontwarda in one direction, and are attached to the 
pnlley A, at its rim by means of the anns F F. The other two springs H H, on the prolongation of 
the boas of B, wind outwards in the opposite direction, and are attached direct to the rim oF A. The 
objeet of anangiug the springs in opposite directiooa is to neutralize the effects of oentrirogal force 
npon tbem. 

The pulley B is retained aocnnlely in one position endways on the shaft by a collar on one side, 
and the mm of A oo the other. On the boss of B, being the bearing C, a very short piece of a 




ooarsc-pilched double-threaded brass screw K U pinned and these threads bear apinat a anall 
crosa-head L which U passed through a slot in the shaft, and has its ends bevelled off to partial 
■ctew-threadl so a« to fltra. the screw K. Figs. 1078 to 1080. The slot through the ah^t axrenda 
nearly to the bearing 0, giving the cross-head L freedom to slide along it in the dirertion of the 
bearing. From its wtremity at H to the slot the shaft ia bored ont, and a imaU rod N passe* up 
this bwe aod ia •crewed to the croB-head L. A Ught spiral sprmg enoitclea this rod m the bwe, uid 
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presses the cross-bead L lightly against the screw K, the resistanoe at its other end being prodooed 
by the screwed bush at M. 

The rod N is prolonged beyond the end of the main shaft, to work the slide O of a connter and 
disc integrating apparatus. Figs. 1078 and 1081. The slide works in V grooyes and contains in 
itself an integrating disc P, supported on brackets projecting from the side, with its integrating 
counter Q, and a pencil for recording diagrams on a paper cylinder R. The driving disc S, the 
revolution counter T, and the paper cylinder turning gear are driven by means of a small spur 
pinion contained on the nut which is screwed into the main shaft at M. This pinion gears into a 
wheel on the counter apparatus, and thence the various motions are conveyed by bevel and oUier 
wheels, with a disconnecting clutch at Y for stopping and starting the recording apparatna at 
pleasure. 

As the angle moved through by the loose pulley B, relatively to the fast one A, varies nearly as 
the load on tihe springs, the travel of the cross-head L and slide O, worked longitudinally by uniform 
screw-threads, must vary in the same ratia It follows from this that the motion of the pencil on 
the paper cylinder and the radius of contact of the integrating disc P on the driving disc 8, wiU 
also vary uniformlv with the twisting moment, if they are adjusted to their respective zeros whea 
the springs are unloaded and free in t)oth directions. 

The work done in foot-pounds can be represented as the product of a constant G into the rero* 
lutions recorded by the integrating counter. 

Iict n = revolutions of integrating disc as recorded by its counter, then the foot-pounds of work 
done in any experiment = G x n. 

The constant G is usually determined by securing the shaft and fast pulley A, and loading the 
loose pulley B with a known weight W, suspended on one side by a small cord wound round its 
rim and attached elsewhere, the discs and other parts having been previously adjusted accurately. 
Then the clutch at Y being disconnected, the registering apparatus is turned round by baud till 
an^ number of revolutions of the dynamometer is recorded by the counter T. Let N = such revo- 
lutions of dynamometer, c = ciroumference of pulley in ft., W := weight in lb. applied to its 
circumference, n = revolutions recorded by integrating counter when Is is taken, then the foot- 
pounds of work may be represented by eitiier of the expressions NxcxW, orOxn. Therefore 

NxcxW = Gxn, and G = • 

n 

The test should be repeated with increased 1 >adB, and should be applied at different parts of the 
circumference of B, to eliminate errors arising from lack of balance ox the pulley B, and to deter- 
mine whether aAy material corrtction K must be taken into account, in consequence of imperfect 
adjustment at starting. 

In a 50 horse-power rotary dynamometer the chief difference from the 20 horse-power dynamo- 
meter is that it is provided with six straight radial springs attached to the projecting boss of the 
loose puUey B, and bearing against rollers projecting from the arms of the fast pulley A just within 
its rim. f be springs are thin, flat-tapered plates, proportioned to act as cantilevers supported at 
the centre boss and loaded at the bearing rollers at their outer ends. 

H. Darwin obviates the use of a spring, by employing a system of rods and a weight, which makes 
the distance of the integrating wheel from the centre of the large disc always proportional to the 
moment of the force turning the dynamometer. The principle of the arrangement is diagrammaticalfy 
shown in Fig. 1082, where the line O G represents a rod capable of turning freely in the plane of tiie 
paper about the fixed point O ; at G it is pivoted to the centre of a rod 
A G B, which is twice the length of O G. Then the point B being guided ^^^^ 

to move in the vertical line O B, the other end A of the rod will neces- 
sarily move in the horizontal line O A, in consequence of the property that 
the angle contained in a semicircle is a right angle; the principle of the 
ordinary grasshopper parallel motion. At B a weight W is suspended, 
and at A a horizontal force P acts, which is proportional to the moment 
turning the dynamometer. As the rod O G can turn freely at O, the 
reaction at G must be in the direction G O, when there is equilibrium ; 
and as there are three forces acting on the rod A G B, two of which, 
the horizontal force P and the reaction at G, have their directions meeting 
at the point O, the directioil of the third force must also pass through the 
same point O ; that is to say, neglecting the weight of the rods, there will 
be no reaction between the end B and its guides. The directions of these 
three forces being parallel to the sides of the triangle O H G, their mag- 
nitudes are proportional to the length of ito sides, and the force P varies 
as the tangent of the angle which the rod O G makes with the vertical, 
as W is a constant. The farther the point A moves from O, the greater 
P becomes ; and when the rods O G and A B are vertical, P is nothing. 
If the rod G O be prolonged in a straight line beyond the fixed centre 
O, and F be its intersection with a horizontal line drawn through any 
point E in the vertical line £ O B, the distance of F from E will vary 

as the tangent of the angle which O G makes with the vertical, and therefore as the force P. This 
force being proportional to the moment turning the dynamometer, if the small integrating wheel 
be made to move towards or from the centre of the disc as the point F moves towards orrrom £, 
the counter attached to the integrating wheel will register a number proportional to the work 





oonstruoted upon this principle. 

Fig. 1083 IS of the rotary dynamometer designed on this principle ; the only difierence being 
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that the point B from which the weight ia fnutpended, is guided in an are of a circle by means of a 
radios rod of snitable length, as this causes less friction than a block sliding between guidee, and 
will produce no sensil^e error. The counter G and integrating wheel I form a small carriage, the 
weignt of which is supported at one end by the integrating wheel itself resting on the face of the 
large horizontal disc D, and causing sufScient pressure to produce rotation of the wheel when the 
disc rotates; and the other end of the carriage is supported by a pair of wheels running on 
hurizontal rails. On the axle of these carrying wheels are two loose rollers, against each of which 
presses one arm of the fork F, on the end of the rod O G, and thus the carriage and integrating 
wheel are moved backwards and forwards as 
the fork moTes ;• the arms of the fork are held 
together by a spring, so that no backlash cun 
tike place. Tite integrating wheel I is ad- 
jostea so as to be at the centre of the disc D, 
when the fork F and rod O G are Tertical ; 
hence its distance from the centre of the disc 
at any time is proportioned to the force P. 

The pulley N, driven by a belt from the 
engine, is keyed upon the main shaft 8, on 
which is also cairied a loose pulley R of the 
same diameter, for driving tlie machine to be 
tested. The i^aft 8 is made hollow, and inside 
it slides a flat iron bar, the outer end of which 
is connected to the end A of the rod A B by a 
swivel joint, allowing the bar to rotate with 
the tJiaft ; ^e inner end of the bar is attached 
to a short chain, which is fastened to the cir- 
cumference of the small wheel J, a slot being 
cut in the shaft 8 to admit the rim of the 
wheel for this purpose. The spindle L of 
the wheel J is supported by brackets bolted 
to the side of Uie fast puUev N : and on one end of the spindle is keyed another small wheel K, 
with a short chain fastened to its circumference, the other end of the chain being attached to a 
sectur of a circle M cw»t on the side of the loose pulley B. The whole force that drives the 
loose pulley is thus transmitted through this chain, the tension of which is therefore proportional 
to the driving force; and this tension being communicated directly through the wheel «f and the 
sliding bar to the point A, the distance of the integrating wheel from the centre of the disc D is 
proportional to the power driving the machine that is being tested. 

The constant for this dynamometer has not to be determined every time the instrument is 
used ; when once known it does not alter with UbC. It may be detei mined in the ordinary wny by 
hanging known weights to the circumference of the loose pulley, and turning the disc D a known 
number of times, and then reading the counter ; but it could probably be ascertained with greater 
accuracy by calculation, and it could be made equal to any convenient number by constructing the 
parts with proper dimensions. 

In discussion upon this paper, F. J. Bramwell said a very simple mode of making rapidly a 
dynamometer, sufficient for the purpose of giving a rough estimate uf the power exerted by a 
portable engine in doing any particular work, was to lay a leather friction strap over the driving 
pulley of the engine to he tried, to one end of which was attached the weight to be lifted, while 
the other end was fixed to an ordinary spring balance. The engine was then set to work to lift the 
weight, and supposing the gross weiglit suspendid from the strap was 100 lb., and that when it 
was held up from the ground by the engine, the spring balance indicated 20 lb., then the effective 
weight lifted by the engine would be 80 lb. Suppose the friction increased and the band began to 
wind the weight up, so that tlie tension upon the spring was reduced to suv 18 lb., then the effective 
weight would be 82 lb., and that would restore the balance of work. If on the other hand there 
was not friction enough, and the weight began to fall, the spiral spring would be extended and the 
effective weight would be lightenetl, because the spiral sprin^^ by its range of motion would take 
an increased portion of the strain, and thus cause a deduction from the weight at the other end of 
the simp. 

Simple, effective, and convenient as the arrangement of the friction brake dynamometer is when 
employed on a small scale, it proves to involve serious difficulties. 

In a dynamometer for measuring the power delivered to the screws of large ships, W. Froude 
has designed that the reaction, instead of arising from the continuous friction of two solid surfaces, 
consists of a multitude of reactions supplied by the impact of a series of fluid iets or streams, which 
are maintained in a condition of intensified speed, b^ a sort of turbine revolving within a casing 
fiilled with water, both the turbine and the casing being mounted on the end of the screw shaft in 
place of the screw, the turbine revolving while the casing is dynamometrically held stationary. 
The jets are alternately dashed forward from projections in the turbine against counter projections 
in the interior of the cabing, tending to impress forward rotation upon the casing, and are in turn 
dashed back from the projections in the casing against those in the turbine, tending to resist the 
turbine's rotation. The important point is that the speed of the jets is intensified by the reactions 
to which ihey are alternately subjected, and a total reaction of very great magnitude is maintained 
within a casing of comparatively very limited dimensions. 

Figs. 1084, 1085, show what has been termed the turbine dynamometer; it is a disc or circular 
plate B B, with a central boss keyed to the screw shaft A in place of the screw, and revolving with 
the shaft The disc is not fiat throughout its entire zone, being shaped into a channel of semi-oval 
section, which sweeps round Uie whole circumference concentrically with tho axis. To give dcfl* 

2 L 
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nitenees to the eonoeption, let it be imagined that, to deal with mi engine of SOOO indleator hone- 
power, the diunetei of the turbine dito to the outer border of the chaDoel ia 5 ft. 

The caaiog O O, has dow to be added. The face is shaped into a cliaq^ifl, the aaauterpart of 
that ia the tatbine diao, which it fronts pceciselj, so that ttie two semi-oval ohanDels in effect fonn 
one complete oral channel, though the two halves are in reality separated by an imagioaiy plane of 
diTision. The back of the caaiiit; embraces or includes the ttubine entirely, but without toncbing 
it. The casing is also provided with a boas, which it an easy fit over that of tlie torbioe ; and tlina 
the turbiuB earned by the shaft can rsTolve witliin the c«siuk without 
tooehing it, while the cosiuK iteeir is statiouai^. One half ofthe oval i*". 

channel is ninning round while the otlier half is at teat. 

Thus far the two half clianoels have been regarded as open and 
nnobstructed ; theyare in iaot each closed or out across by a series of 
fixed diaphragms £ B. The diaphragms cut the turbine ehaoQet, 
not perpendioularlj, but obliqueiv, oeing semiciroular in outline, so that 
when set obliquely their oircurar edges fit the oval bottom oF the 
channel, while their diameters span the major axis ofthe oval. Eaoh 
half channel has twelve of these diaphragroB, and is divided into a 
serios of celts, each of which, if viewed at right angles to one of the 
diaphragms, or if shown in a section taken parallel to one of them, is 
semicircular in outline ; and if viewed in connection with tlie cell, 
which is for the moment opposite to it in the counterpart half channel, 
the two together make one complete cell with circular outline. Thn« 
the whole oval channel may be regarded as a eeriee of obliqnely plaoed 
oircular cella; and as the function of the turbine is to rotate white 
the OBsiog remains at rest, one Iialf of each cell is moving oBst the 
other in snoh a manner that the moving half, if viewed irom its 
•tationary oonntsrpart, would by reason of t)ie oblique direction of tlie 
diaphragms which form the cell sides, appear to be advancing antago- 
nistically towards it. The motion virtually constitutes such an advance, 
because the bottom of each moving half cell is oontinuaily approaching 
the bottom ofthe stationary half oell which it facee. The effectiveness 
of this oombination to resist rotation depends essentially on this virtual 
approach of the moving to the stationary half cells. 

The channel and the whole casing is filled with water, and the 
turbine is made to rotate. When the turbine is thus put in motion, 

the water contidned in each of its half cells is urged outwards by oeatrifugal force ; and in obeying 
this impulse it forooa inwards the water contained in the half cells of the stationary oasiDg, and 
a continuous current ia established ; outward in the turbine half cell^ inward in those of the 

The current, though originated solely by centrifugal force, posaeases a power of growth inde- 
pendent of centrifugal force, and dependent on what oat been termed the virtually an logon istio 
attitude or motion of the two seta of diaphragms, and the cells of whioli they are the bnuudarica. 



The nature of this power of ourrenl-growth ia somewhat intricate to trace. With any aiven speed 
of the turbine, the system of internal motions involves a potentisl or definite speed-producing 
power, which will continue to increase the speed of the currents until the friction experienced by 
them in travening the oells, produce* a resistance equal to the potential. This friotional reatstance, 
as well as tbe potential itsell, are alike proportioned to the square of the speed of the turbine^ and 
the resulting speed of current is directly proportional to the speed of tbe turbine simply. 

Tbe manner in which the currents, when established, produce the dytiamometrio reaction can 
be traced very easily. The explanation already given of the internal form of the cells which tbe 
current traverses, shows that the volume of water which constitutes the current in each complete 
oell, may be regarded as a circular plane or disc of water, rotating in its own pinne between the 
diaphtagmSi which define the direction of the water disc and which are the boundaries of its tbiok- 
neaa. As the diaphragms radiate trom the oantro of the torbine and cixsing, the disia of water 
which they enoloae, wiQ not be of parallel thickness thrunghoat, the part fiirthest from the centre 
being thicker than that nearest to it ; bnt if the breadth of the channel in tbe turbine, which the 
diaphragms close, is small compared with the distnnce of the channel frtHn tbe centre ofthe turbine, 
and the diaphragms are oloee together, this inequality of thickness will disappear. 

Each of these rotating circular water disrs, may be regarded as oansfstiiig of a series of boop- 
shaped pipes or tube* of infinitesimal thickuesa, Uid one witliin the othsr, and e«ch filled with a 
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stream of some aporopriate wpeed, the sides of tlio pipes being merely imaginary boundaries. The 
disc, made np of these Btrearos, will oonstitnte a sort of yortez. Each vortex, in virtne of the cen« 
triii^gal force which is coniinnally tending to stretch it edgeways, poshes against its circnmfcrential 
bomidMiee ; and as these bonndaries are made np of the bottoms or circular outlines of the two 
half cells ooonpied by the vortex, the resultant force measured iu the plane of rotation of the turbine, 
is constantly tending, with a determinate force, to stop the rotation of the turbine, and to create 
rotation in the casing. 

A simple way of expressing the magnitude of this force, is to regard it as due to the reversal, 
in each semi-revolution of the vortex, of the aggregate momentum of the vortex streams, measured 
in the plane of rotation of the turbine ; for the streams which on entering the cell are flowing in 
one direction, are flowing in the opposite direction with precisely the same speed on leaving it, and 
the force due to the reversal, is airectly proportionate to the amount of momentum reversed in a 
second. This is as the product of the mass acted on in a second, and the change of speed imparted to 
it in the plane of rotation of the turbine. The change of speed is twice the speeid of the turbine. The 
mass acted on in a second is as the mean speed of the vortex current, which bears a constant 
relation to the speed of the turbine ; so that the tendency of each vortex to stop the rotation of the 
tnrbine, and to give rotation to the casing, \b as the square of the speed of the turbine. 

This element of reaction would continue to act for a time, even if the turbine were suddenlv 
brought to rest; for the vortical rotation to which it is due would continue, though with 
gradually diminishing speed, until it was extinguished by friction. But there remains another 
clement of reaction to be taken account of, which exists only while the turbine is in rotation. 

This is due to the circumstance that the imaginary hoop-shaped streams, of which each vortex is 
made up, are perpetually being severed or sheared, by the passage of the planes of the turbine 
diaphragms past those of the casing diaphragms. The action here referred to does not interrupt or 
alter Uie effective speed of the streams thus displaced, for these, in virtue of the incompressibility 
of water, must each traverse its imaginary pipe everywhere with the «ame speed ; but in virtue of 
the action, the particles which constitute each stream must, at the pfiints of shearing, be 
perpetually undergoing alternate changes of speed, backwards and forwards in the plane of 
•rotation of the tnroine. For as they pass from the stationaiy casing cells to the rotating turbine 
cells, they are obliged to assume the speed of the tnrbine in its plane of rotation, and they thus 
, react on the tnrbine diaphragms with a definite force, doe to the amount of momentum a second 
imparted to them in transition. Again, as they pass from the rotating turbine colls to the 
stationary casing cells, they are obliged to lose that speed in the plane of the turbine's rotation, 
and they thus act on the casing cells, tending to push them forward, with the same force with 
which their reaction tended to pi^ back or stop the rotation of the turbine cells. The force is the 
same, because the same mass a second is acted on in both instances, and the same speed is in the 
one instance imparted, in the other instance taken away. 

The reaction is as the square of the speed of turbine rotation, since the momentum generated 
a second is as the product of the mass operated on in a second and the speed imparted to it. The 
speed imparted is simply the speed of the turbine, and the mess operated on is as the speed of 
vortical rotation, which is necessarily as the speed of the turbine. 

It is necessary to show that an adequate amount of total reaction can be produced by an 
instrument of conveniently limited dimensions ; and that an instrument of given dimensions is 
governable as regards its reactions, that is, capable of being mode to produce at pleasure a greater 
or less reaction with a given number of revolutions, so that within reasonable limits the same 
instrument is capable of dealing with engines of great or small power, allowing each to make its 
proper number of revolutions. 

As regards the first condition, theory shows that, comparing two strictly similar but differently 
dimensioned instruments, their respective movements of reaction, with the same speed of rotation 
in each, should be as the fifth powers of their dimensions. This proposition is fully borne out by 
experiment. A pair of similar instruments were made, in which the turbine diameters are 

respectively 12 in. and 9*lin. Now (qTi j = ^' ^^^ accordingly the ratio of the moments of the 

two instruments at a given speed of turbine rotation should also have been 4. The ratio wss in 
fact 8*86 : but the snuJl difference is referable to the circumstance, that in the larger of the two 
instruments the internal surface was rather less smooth, and the friction of the water consequently 
rather greater than in the other. The data thus obtained not only verify the scale of comparison 
based on the 5th power of the dimension, but thoy also furnish a starting point, by which to obtain 
the dimensions of the instrument which will be required to deal with any given horse-power, 
delivered with a certain number of revolutions a minute. It appears that to command the 
measurement of 2000 hoise-power delivered with 90 revolutions a minute, a fairly typical speed 
for the power, an instrument is required with the turbine 5 ft. in diameter, and being in fact a 
duplicate turbine, or formed with two Ikces, with a double-sided casing to match. This two-faced 
arrangement, while it supplies a double circumferential reaction with a given diameter, has the 
advantage of obliterating all mutual thrust on the working parts ; the centrifugal forces of the 
double set of vortices pressing with equal intensity on the two internal opposite faces of the rigid 
casing. 

As regards the second condition, theory suggests that, by contracting the internal waterways, 
that is to cay, the passages through the cells in the turbine and the casing, and intercepting the 
free vortical rotation, the moment of reaction due to a given speed of rotation could he greatly 
reduced. Experiments fully bear out this anticipation. The reaction with any given speed of 
tnrbine rotation can be reduced with a perfectly graduated progression, in any required ratio, down 
to l-14th ; the object being effected by advancing, from recesses in the casing, abreast of the two 
opposite quadrants in each turbine, a lunette-shaped sliding shutter of thin metal, so fitted as to 
be carried forws^ along the divisional plane between the turbine cells and the casing cells. The 

2 L 2 
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intensity of the reaction u thus bronght aomplc>tel7 and eaail]' nnder aammand ; »nd in Titia« of it, 
it follovB that the inatrnment, whioli, as nlread; atOitcd, is capable oC dueling with on engine of 
2000 horae-power making 90 revolutians a minnte, ia alio capable of dealing with one of onlj 
no horse-power inaking 120 revolntiona a miiiote. Aa it happens that the reaction of the inatrn- 
ment variea lU the eqaara of its spsid of rotation, and the horse-power delivered through it coo- 
Bequeutlf varies as the cabo of the epced of rotation, it follows that the tame Betting of ttie ehntto* 
which suits a gireti engine when norking with its highest speed and power, will alM approxitnately 
suit it when ^sed down to its lowest. 

It BeotDii t)ierefore tliat, alike as to the dimension of iOBtrameDt suited to engine* of TOty h^ 
power, and as (o the adagititbility of a giren instrument to engines of greallj Tailed power, tb» 
requisite conditions aro satisfactorily fulfilled. 

Having thus shown how the moment of rotation of the screw shaft is wholly commnaicated to 
the easing, whii^h ia to be dynamometrically preventeil from rotating, and is thus to subject the engina 
to a restraint equivalent to that of oliliging it to wind op a weight out of a well of indefinite depth. 
it remains to be explained in detail how it is propoeod to carry ont the operation in dealing with 
any given ship. 

In order to render it easy to connect the instroment with any given screw shaft, the bcw of 
the turbine muat be bored out to a diameter ooosiderabljr larger than that of the laigest shaft In 



whinli il can have to bo app!i<J ; and. to fit it lo a given shnft, an intomal collar mu,t be proparwl, 
which will fit cxterunlly Ihe interior of Uio turbine Ikws and inleraally the oilorior of the BortTV 
shaft ; and a proper keyway will be required for lairh flltiiig. The lurliine thus mounled Kill ran 
true on the screw aliart. 

a the dock fur the trial of licr maohincry. will have the iaslmrocnt 
« of her scrt-w. Fig. 108(i. The casing will bo provided with proper 



ftpertDTM, capable of being closed at will, lo permit the egress of air and the ingress of water as the 
dock fills, llie oanng will thus be In a condition to receive the moment of rotatiOQ delivewd bv 
the screw, and to communicate it to the recording apparatus. 

If the moment to be recorded is regarded as a product of two factors, furoe and leverage, of 
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wbioh the one mask vary inTenely as the other, it is a queBtion to be settled by oonaiderations of 
oonvenienoe, whether t)ie record aluiU take the fthape of a large force delivered at short leverage, or 
the reverse ; the force factor will prove inconvenieDtlv large, if taken account of at the circumference 
of the casing, and it is desirable for several reasons that it 
should be obliged to develope itself at a leverage enlarged 
to many times the radius of the casing. 

The assumed maximum which the instrument de* 
scribed was calculated to deal with, was stated to be 2000 
horse-power delivered at 90 revolutions a minute; and 
this, if taken account of at the circumference of tlie 
casing, say at 3 ft from the centre of the screw sliaft, 
would take the shape of a oiroumferential strain of 17*4 
tons, a force which will bear large reduction ; and it is 
proposed to effect this by the arrangement shown in Fig. 
1087, which by lengthening the leverage in the ratio of 
10 to 1, reduces the force m the same proportion. The 
lever here shown is a triangular combination, of which 
the diameter of the casing C armed with proper pro- 
jections forms the base, while the two sides, the upper one 
of which will be always in compression and the under 
one always in tension, are a spar F and a wire rope G. 
When the screw shaft is rotating, the compressiun and 
tension of the sides will be 8 '7 tons, and the downward 
force at the apex H of the tiiangle will be 1*74 tons 
or 3890 lb. 

Tlie lever will be fixed to the casing before the dock U 
filled, and its cnnstmctiun is such tl.at it can be slewed 
and topped under the ship's quarter so as to swing clear 
of the dock walls. The ship thus fitted will be brought 
alongside some quay wall of one of the floating basins 
where the recording apparatus R, Fig. 1086, will have been 
already placed, projecting a few feet over the wall, and 
carried on strong cantileyers or brackets; and she will ^ 
be secured head and stem bO as to prevent fore-and-aft ^L 
movement, and will be boomed off to a proper distance 
from the apparatus. 

1089. 





The arrangement of the dynamometric apparatus presents no difficulty. The form shown in 
Figs. 1088 to 1090, has been carefully considered. In this, the downward pull delivered at K by the 
lever operates Tertiodly on the middle of a flat horizontal steel spring S S, which is supported at 
both ends ; and the spring is so proportioned that its maximum deflection shall bo about 1} in. 



618 DYNAMOMETER. 

Diffident iprinm wonU bo toqnirHi for engii.wif of widely diffcrent power, IiomediBWy <>»<« »»>« 
•pring will stand a liglit frumcwork, carrying two independent typea ot^^reoordiiig^gau, bote of 

wliich will, however, be w.tuutod l>jtbe upper end of o: "■" ' -..- .~ 

rod I, Fig. 1039. which will ' ■•---" ■'- ' '•■ 

"" Under one°t™ m f^or will (EOTbiu the p»ition of an inlogretioa; wheel J. Fig. 1089, ""l^i"? 
on the face of a rolatiiiit dijo. The rotation of the diw wUlbemade proportionate to thftt of tho 



ila nwtioo fiom the Bhofl by bevel gearing. When thoKi is oo itraai on the lOTer, and no dtfluotioD 
of the spring, the integrating wheel will be at^u^ted to tuueli the disc at its centru, ood thus will 
receive no rotatioD, and its count will be leio, whatever be the speed of rotation of the diao. When 
the spring is atraintd bj the luver, the d^'partare of the inlegratiug wheel fruiu the disc oeutre will 
be proportioned to the strain, and its rotation and its count will be the product of the struin and the 
rotation speed of the disc, or, in othpr words, the product of the moment tmpieesed by the screw 
■baft on tlie cosing and thu speed oF the screw shaft ; that it, the work done by the shah. 

With aunthei type, the duty of the feeler I, Fig, 10S9, is to actuate the horizontal arm of a light 
bell crank M, the vt-itical arm of which, by means of a long horizontal oounei;ting rod N, eurrit'S 
a pen froeiy elong a horizontal struight line, wh le a sheet of oouUnuous paper P is indepeiideDtly 
moved under the pen acrois the line of its Imvul. Tbo motion of the paper, like that of tlie rotating 
disc, will be derived from the rotation of tlie screw shaft. A staliunary companion pen will traua 
on the papi;r u straight line as a reoord of that which the moving pen would trace if the spring 
remained uDstruined, and will serve as a zero of force. The moving pen will trace a diagram, the 
ordinate of which is at each instant a measure of the strain on the spring, and the area of which, 
like the count of the integrating wheel, id the product of the moment on the casing and the speed 
of the ecrow shaft ; or the work delivered by the screw shaft 

In order that the todicatioDS of the pointer may represent with strict accuracy the elastications 
of the spring, and nothing else, the li^ht framework T, Fig. 1089, which carries the iutt^ratiog 
apparatus, and serves as the gauge from which ttie deflections of the spiing are measured, will have 
its footing, not on the main fnune, but on the spring itself immediately over its points of support. 
Thus, as the light framework T is itself subject to no stratti, and may be made extremely rigid, 
the apparatus will precisely record the motions of tlie spring aloue, however the main ftatao may 
be strained. 

The connections of the dynamometer spring, with its framework and lever, are all arranged with 
mechanical details, such as to eliminate IJie effects of oblique atreaa, should any be introdac»d, bj 
■light motions of the ship. 

Willie a dynamdmetric trial is in piogrcsa, a scries of iodioator diagrams should be taken at 
short intervals of time; a compariaou between the indicated horse-power as determined by these, 
knd the deliv<:red horse-power as determined by the dynamometer, noold show bow much power ia 
wssted in the working of the machinery between tUacyliiidersand the cud of the screw shaft. The 
wuete thos mrauured would be oo precisely the same footing as that which would subaist while the 
engines were propclliug the ship under the same indicatod liomo-powcr, except us regards two 
particulars ; the friction due to the thrust of the screw ; the diffcronue of friction in the bearing* 
which carry the screw shaft, between that due to the weight of the screw on the one hand, aud on 
the other to the weight of the turbine and casing substituted for the screw, coupled with the side 
■train of the lever, which, whatever it be, is a lilting strain tending to diminish the effective weight 
of the turbine and casing just mentioned. It will uot ba difficult to appi; a calculated correctiou to 
the effi.'ct of both these eiroum stances. 

It is superfluous to recapitulate in detail the advantages which could be derived from the system 
of subjecting marine engines to dynamometric trial. The chief diffloullies which aHae are tlut the 
speed attained by a given ship, driven by a given indicatul horae-power, fails to meaiiure discrimi- 
uately the merita of the ship; no means exist of ascertaining which type of engine delivers the 
largest proportion of the power that it indicatt^s; no test exists by which it is possible to measure 
concisely the speciflo ounstiuotional merit of this or that engine, or to deteimiue the relative con- 
stcnctiuual merit of the enginea mpplied b; different firms. 
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The dynaznoiiietrio test would remove at onoe each of these difficulties, by substitating a final 
and leal test for a colltiteral and to a large extent a delusive one. For to rei j exclusively on the 
test famished by the indicator is almost equivalent to testing the power of a horse solely by 
the quantity of food he consumes and digests, or the efficiency of a boiler solely by the quantity of 
ooal an hour it will logitimately consume on its firebars. 

To trace the dynamic actions which are correlative to the internal fluid motions of this marine 
dynamometer, it will be convenient to recur to the notion of the discs of water, and to regard the 
channel as virtuall v straight and of unlimited length. 

Bemembering that the cross section of the channel is elliptical^ each of these vortex discs may be 
assumed to be subdivided by a series of quasi-elliptical layera or skins, Inid conformably to the inner 
snrfiice of the channel, and obliquely intersected by a series of planes laid jiarallel to the diaphragms ; 
and these surfaces to oe rigid but without thickness, and frictionless. 

Then the spaces between every pair of diaphragms in the turbine, as well as those in the casing, 
would be regarded as completely occupied by a honeycomb system of pipes, of parallelogram section, 
and of a semiciroular outline when referred to the planes of the diaphragms. * 

When the turbine is at rest, each of the imaginary pipes may be regurded as capable of carrying 
a complete circular ring of water, flowing round this single circuit, with uniform speed. When ^e 
turbine is in motion, it is not delivering back its water into the reverse of the counterpart of the 
turbine-pipe from which it was received, thus forming an independent ring, but the water received 
from one pipe, is presently discharged into the mouth of some other, with which it happens to be 
brought into connection by the motion of the turbine. 

Let the speed of the turbine and that of the flow relatively to the pipes be respectively repre- 
sented by two geometric components, then the pompound speed of the pHrticles, that is, their actual 
speed in space as they issue from the turbine pipes, is shown by the resultant It will be convenient 
to call the speed and direction of the streams as indicated by the component, their established 
speed, and established direction ; and as indicated by the resultant, their augmented or compound 
speed and compound direction. These speeds will subsequently be denoted by the letters Y, Og, and 
V|, respectively. 

It is obvious that, measured relatively to their compound direction, the streams all become 
diminished in width or in sectional area, precisely as their speed is augmented ; and again, that on 
entering the stationary pipes, the streams are obliged to resume at onoe their established direction 
and their established speed. 

The loss of speed is of necessity accompanied by an exaltation of pressure in the mouths of the 
recipient pipes, and the enforced change in direction of flow, involves a definite forward force on the 
sides of the reci}iient pipes which causes the deflection. This local augmentation of pressure, being 
satisfied in one direction, by the retardation it imposes on the particles which are approaching it 
from behind, satisfies itself in the other direction by acting as a definite force, urging forward the 
flow of the streams, and maintaining their speed in spite of frictional resistance ; and constitutes 
what has been termed the potential. 

The problem, reduced to its essential features, may be stated as follows. A stream with tho 
speed o, m feet a second, which corresponds with what has been termed the augmented speed, and 
under zero pressure or atmospheric pressure, enters a bent pipe, with a definite direction and com- 
pletely filling the pipe entrance ; in passing an enlargement in the pipe it assumes the reduced 
speed v„ which corresponds with what has l^n termed the established speed, and which is loss than 
p, in the inverse ratio of the pipe areas at the two positions ; and flowing with that reduced speed 
through the enlarged pipe and experiencing frictional resistance in its flow, it issues in a direction 
different from that in which it entered and having again assumed the atmospheric pressure. The 
questions to be answered are. What external or displacing force does the stream exert on the pipe, 
and into what internal force tending to overcome the friction of the flow, is the suppressed speed, 
V, — 9„ transmuted? The two branches of the question may be answered independently. 

As regards the external or displacing force, each end of the stream will exert an appro- 
priate push on the pipe, that at the entrance forwards and at the odtlet backwards. If W 

be the weight in lb. of water passing a second, the respective equivalent forces are — - and 

Wr 

? ; the total displacing force experienced by the pipe being the resultant of these two 

g 

forces. 

As regards the internal propulsive force, or potential, which maintains the speed of flow in spite 
of friction, it is well known that if the pressure of the water on ench unit area be zero at the point of 
greatest contraction and of highest speed, say Op and that if P, be the pressure due to, or which 
would generate, a flow of that speed, then where the stream has become enlarged so that its speed 
is reduced to zero, the water will have assumed the pressure P|. If, however, the enlargement be 
only such that the speed is reduced, not to zero, but to v^* the pressure will have increased, not 
to Pp but to a pressure, say P, which falls short of P| by the pressure, say P«, due to the 

reduced speed f)„ and bearing to P, the ratio of ©,* to v^*, in fact = -*§ , so that P = P, = P, = P 

^1 . ^V Now, as the water will have resumed the zero pressure on reaching the outlet, the 

Potential is the pressure P acting on the wholo sectional area of the pipe as enlarged from aj to a^ ; 

and F=Pa,=:P,(l = ^)fl,. 

A provisional solution is attainable, in relation to any given layer of streams, at a given distance 
from the vortex-centre, by assigning an arbitrary vulue to the friction, assuming it to be approxi- 



620 ELECTRICAL ENGINEERING. 

w 

mately as the square of the speed of flow, so that F = o~7~(^* + 2 Y''^ sin. ^«), where 0^ is the 

angle made by the component. 

Now F is repeated twice in each complete circuit ronnd the channel, once at the passage from 
the turbine pipe to the casing pipe, and once the reverse way. So that, for the complete potentiitl 

W 

due to the circuit, we may put F' = — (V* + 2 V% sin. /3*). 

9 • 

These two equations establish a coherence and consistency in the solution as follows. The whole 
work or energy employed in driving the turbine must go either into the acceleration of the streams 
before the stea<Iy flow is esttiblislied, coupled with the work of friction duo to the existing flow ; or 
ultimately into work of friction simply ; and in either case the work donu by the potentLd u|)on 
acceleration and friction should equal the work done in driving the turbine, and the comparison is 
now easily made. 

Galling the work a second, in driving the turbine, U^^ 

U ♦ = ♦ V = — ( V« + 2 Vp, sin. /3,). 
Calling tlie work done by the potentitd, Uf, 

Uf = F' r, = — ( V + 2 Yv. bw. i3,). 
9 

The two values are, as they ought to be, identical. But further, by nssuming a coefficient of 
fluid frict'oii, of the form = / v', the relation is established which will subsist between Y and r« when 
the fiiction has become equal to the potential. 

In this case 

/"•' = ^' = J! ^^' + 2 Vr, sin. fi.\ 
9^0 

the solution of which, observing that W = loa^ v^, is 



V 

so that in any given pjp(» — is constant 

From this it follows that, if each of the ima«anary pipes hud real sides by which the friction 

tre. For 
distance 

_ __ . „_ „ friction 

for unit area at unit speed, 



From this it follows that, if each of the ima«anary pipes hud real sides by which the fricti( 
operated, the speed cif fluw could he defined at the various distances from the vnrtcx centre. F 
suppose tlie girth of each pi()e to bij the sami', say k, then its length would be as it* distan 
centre, say / = 2irr; and substituting for / t/,/' x 2wrkv*yf being the co-efficient of fricti< 



w = V 



^ + Sin. 3 ^. — sm. ^ot 



tear 



80 that the speed in each pipe would be an inverse function of its distance from the vortex centre. 

In explanation of what had been spoken of as the power of current growth in tlie cells of the 
dynamometer, suppose a jet of water were issuing from a nozzle with a velocity of 10 ft. a second, 
and that it were caught by a fixed bent tube of the same bore as the jet, and bent to a semicircle ; 
then the water would evidently enter the bent tube with a velocity of 10 ft. a second, and l>e dis- 
charged with the same velocity, while in passing round the bend it would in virtue of centrifugal 
force exert a prci^sure tending to move the bend away from the jet Now supposing the bent tube, 
instead of being fixed, were made to move at the rate of 1 ft a feecond, or to approach the issuing 
jet at that spe(xl ; then the water, instead of entering the bend at 10 ft. a second, would enter it at 
1 1 ft a second relatively to the bend, and would pass round the bend at this velocity, finally 
escaping with a velocity of 11 ft. a second relatively to the bend, but of 12 ft a second relatively to any 
flxea point. Thus, a forward motion of the bend at the rate of 1 ft a second would result in accelf.-- 
rating tlie current of water at the overflow by 2 ft. a second. If, now, the issuing water entered a 
fixed semicircular bend, it would traverse this bend at 12 ft a second, and on issuing from this fixtni 
bend at 12 ft. a second might be further accelerated by being passed through a second moving bend ; 
and so on, assuming that no frictional or other resistances existed. The moving bend in this 
illustration might be considered to represent one of the half-celU in the turbine or moving portion 
of the dynamometer ; and owing to the oblique po&ition of the dividing diaphragms, the half-cells in 
the rotating turbine might be considered to be eonstmtly approaching those in the fixed casing, so 
that the water on its discharge from the easing cells into the turbine cells underwent an aocclem- 
titm which became continually augmented, until the frictional resistance encountered in traversing 
the cells was equal to the speed-producing power. The resistance to the rotation of the turbine 
consisted in the rebultant, in the place of rotition, of the centrifugal force exerted by the current 
when traversing the curved contour of tlie cells in the turbine; this re&istance, of course, is equal to 
the force exerted in the opposite direction upon the cells of the fixed casing. 

ELECTRICAL ENGINEERING. 

The principal forms of batteries used in electrical engineering will be found described at page 226 
of this Dictionarv. Very minor improvements have been made in this branch of ele>'trical science, if 
there be excepted Byrne's compound-plate battery which is specially known as the pneumatic battery. 
The chief feature of this battery consists in the negative plate, whirh, instead of being of one material, 
is constructed of three metals soldered together. The surface exposed to the exciting solution and 
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oppoaed to the poatirs or dno pl&la, i« platiniiiD, P, Fig. 1091, backed by and soldered to a plato of 
■heet lead L. Behind thu lead iaa plate of copper C booked bTsnatbeiibeet of lt«d. or fold of the 
Snt lead plate donbled oa to the back of the copper. The outaiilo or back miHiice of tbia gecond layer 
of lead U amXod with Bsphaltom vamuh a. Fig. 1091 ii a Terticat cross aeotioo of the compouod 
negstiYe pUte in which the thickness of its lamiiiw are eioggorated id ordui to show its MmstructiOD. 

The oopper plate 0' is completely ei .... - 

•D that the copper core is in do way bi 
thickness of the compouDd plate does 
not exceed ODe-eighth of en inch ; the 
lead weighs 8 oe. to the square foot, 
and the tbicknesa of the platinom 1:* 
is one twu-thoumndth of an inch. 
Each cell contains a central zinc plate 
Z, Fig. 1092, placed between two of 
the compound platea described, C C, 
Fig. \im, the dispoeitian of the 
platOB being similar to that adopted 
in WollaatoD'a batterf. 

The exciting solution Is similar 
fa> that used in the ordinary biohm- 
mate or Pt^gendorfT battery, 5 oi. of 

potassium bichromate dissolved in 9 

S pints of builiug water, to which 

is slowly added, when cold, 1 pint strong snlphuric acid. In the pneumatio form of the onm- 
potuid-plate battery, the exciting solution is kept in a state of meolianiml agitatkm, by air being 
piuoped into the cells through an ebonite tnbe, leading fioin each cull-cover to the bottom of tlie 
ucll, where it turns at ri^ht aogles. so as to lie in a horiloalal poeition underneath and in a line 
with the central zinc plaUi, and be- 
tween tlie compound plates. The lOM. ' 
horizontal portion of tbia tube is per- 
lomted by two rows of sma I holes, 
one on each side of the middle line 
of its npper anrtioc, and tbroneh 
thette holes, when the sppeiatua is m 
aclion,jet»of air are iujecteil intotbo 
oell. which, Ksiog In the form of 
bubbles between the pluti's, kiepslhe 
■dilation in violent agitation, washing 
(iff from t:.e plutes bubbles of liydro- 
gun wliich othrrwise would collect, 
mid insuring fresh fluid being con- 
linually brought intoconlact witb I be 
plutee. The air lube. Via. 10U2, tt-r- 
uiiiiati'S aliovG the lOVer in a nozzle, 
til which ia attached a lulcaniied 
tube leading to a amall hand springe 
or bellows. Pumping in air has the 
ctTect of increasing the strength of 
tlie curreul, at the same time cuuset 

Ihc temperature of the cell to be greatly raised, so that if the action be coutinued snffluiently long 
the w'luliun will commence to boil. 

Fig. 1091 is a battery of lour colli coTored by an ebonite pluto, from wliioh are suspeoded the 
plates, and te which are attuehed the exterior lermiaals and commutnturs. Rising from the edges 
of the box containing the battery are two Tertiml {nllarB, supporting a liurizontal cross piece, 
Ihriiugh the midiilu of which passea a Tertioal rod, so tliat the ebonite coier-plate may be raised, 
and the plates lifted out of the solution. The apparetus is rontaiued iu a box measuring 7 in. by 
4 in., by 6 in. deep. It is capable, when nir lias been pumped in. of illuminating a small electric 

lamp, and of htating 8 in, ol platinum wire to incan'leBoence. There it "" ' '--'-' ' — ■-' " -' 

upon the phitinum wire tiefore air is admitted, but as the bellows are w< 

llie wire rupiilly ribcs to a brilliant rod heut, and cools when the air injcctiuu is cue on. 

The canterizing nppamtus id a surgical instrument, constructed of some insulating muteriol, and 
carrying at ita extremity either a loop, or a atraight pieoe of pLitinum in tlie form of wire or of n 
fljt Land, acconliug to the requirements of the case, which, by being brought iiilo the circuit of the 
buttery by menus of insuluted coniiuolore poasing down the atom of tlie iuBtrumcut, can l>e miulu 
white hot, and tlie cauterizing operation performed. 

Larger forms of apporatua for showing more pnwerful effects cuti^iat of ten colls, and wlicn air 
is pumpetl in will heat to iucaiidesoeiice 3tj in. of stout platinum wire, and dccompoae oeidulotod 
wutcr at ttie rate of proilueing IS cub. in. of gas a minute. This buttery charges (o ita fullest 
extent an imluction coil, giving egiarlu in air 18 in. in length while air is pumped in, fulling to 8 in. 
when Ibe air supply is removed. 

A modifieatioa of Byrne's compound-plate battery for driving maehinea by means of electro- 
magnetic engines, or for electro-pis ting and other cbeiuioal applicationa, is the Motor battery by the 
same invi'Dlor. In the Motor battery there ore but two pbtcs to oacli cell, one compound plate 
and one of ^nc, and the exciting solution employed is sulphuric acid diluted with nine times its 
bulk of water. As there is no occasion for the blowing apparatus, the platinum face of the com- 
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pound plate is platinized, adherent hydrogen being thus got rid ot Byrne states that eight cells of 
this battery are sufficient to drive a Singer sewing machine. 

For plating purposes four cells of Byrne's Motor battery, containing plates of 20 sq. in. of sorfiioe, 
measuring 5 in. by 4 in., is more e£fective than six cells of 8mee*s battery, with plates having a 
surface of 60 aq. in. 

Simultaneous Transmission, — ^When J. B. Steams, of Boston, oommenoed his experiments in 
simultaneous transmission in 1868, ver^ little was known in America respecting the previous labonra 
of European electricians. Steams improved on the Siemens-Halske method ; that which had 
given the best results in practice. During 1872 improvements were added to Stearns's system 
wiiich led to its immediate adoption upon many of the most important lines in the United States. 
The general principle of Stearns's apparatus does not differ materiallv from that of Frischen. In 
Fig. 1095 the key is replaced by a transmitter T, which is controlled by a key K, a local battery 
and an electro-magpiet t. The principal object in introducing this modification was to adapt the 
system to the use of the American operator, who is accustomed to hearing the accompaniment of 
his own sounder when transmitting. The transmitter acts upon exactly the same principle as 
Nystrom's key, the contact of the lottery with the line being made before the contact between the 
latter and tlie earth is interrupted. The resistance X in the artificial line is made equal to that of 
the main line. When the key K is depressed, the circuit of the local battery is closed, the electro- 
magnet t attracts its armature, operating the transmitter T, which first makes contact at a, and 
almost at the same inatiint lifts the contact lever, which is pivoted, and breaks contact at c. 
The current from battery 3 now goes by way of the transmitter T, and thence through a and 6 to 
the point d, where it divides into two equal portions, one going through the right-hand coil of the 
differential relay B to the line L, and thence to the earth at the distant station, and the other by 
way of the left-hand coil of the relay through the rheostat X, and thence directly to the earth. As 
these two branches or divisions of the current are equal and opposite in their effects upon the relay 
B, it will not respond. The incoming currents from the distant station, on the oontnjy, pass only 
through the right-hand coil of the relay R, and thence find their way from d to the esrth by way of 
c and Xf or else by a, T, B and y, the route depending upon the position of the transmitter. The 
resistance y is termed the spark coil, and is only required when a battery of small internal resistance 
is used, in which case the spark caused by the momentary short cireniUng of the battery at 
a would otherwise cause some embarrassment. The resistance x is made equal to the retdstance 
of the battery, added to that of the spark coil in case the latter is used, and thus the incoming cur- 
rent always meets with exactly the same resistance, irrespective of the route by which it passes from 
the point d to the earth at E. 

The diagram Fig. 1096, represents the arrangement at a terminal office. The continuous lines 
represent the main wires, and the dotted lines the local wires. K K' are keys in a local cironit 
which operates the transmitter T. L L' are Ijcul 
batteries. M is a main battery, G, earth, S, common 
Morse sounder ; K A, rheostat ; C, condenser ; B, duplex 
relay ; 1 1' are binding posts connected with the adjust- 
able resistance coils ; r r' are the terminals of small 
resistance coils, used for maintaining an equal resistance 
when line is to earth through battery, or to earth direct. 
The plugs in the resistance coils muat be removed until 
the resistance of the coils equals the resistance of the 
line. When they are eoual, the armature of the relay 
will not be affected by tne working of the transmitting 
sounder. The object of the condenser is to receive a 
charge from the main battery equal to tliat entering the 
line, which charge being returned through the relay coil 
connected with the rheostat, at the same time that the 
line returns its charge through the other coil, neutralizes 
its effect upon the armature. The small resistance coils 
represented in Fig. 1096, as buing enclosed in the box 
containing rheostat Hh, at r and r', are generally en- 
closed in separate boxes. 

Fig. 1097 is a diagram of the connections representing 
a terminal station A, and an intermediate station C, on 
M. G. Farmer's duplex system, of which tliere may be 
any required number. It is only necessary to describe 
the arrangement at the terminal station A. The relay is provided with two coils, r and r„ which 
are so wound as to assist instead of opposing each other, as in Frischen's plan. The coU r, con- 
tains about twice as many convolutions of wire as the coil r, or it may be otherwise arranged ; 
the obiect beinz that with a given current the coil r, shall exert twice the magnetic effect upon 
the relay that the coil r does. The line wire which enters the fetation is divided into two brancmes 
at K, one brand i going directly to the earth by way of 2 and 1, passinjg through the coil r^, and the 
other by way of ]&, 3 and 4, passing through the coil r. For trans&rring the inooming current 
firom one of these branches to the other. Farmer employed a continuity preserving key K k upon the 
same principle as that used by Nystrom in 1855. When the apparatus is in a position of rest, the 
route of the inooming current is by way of 2, r, and 1 to the earth at £. If the key K is 
depressed, the circuit of the main battery is closed, by the contact of its rear end with the supple- 
mentary contact lever k, which is at the same time lilted from the point 2. The outgoing current 
now passes through the coil r of the relay at the home station, nna through the coil r, at the dis- 
tant station. As the coil r, produces quite as great a magnetic effect upon the relay B as the coil 
r, it is easy to so adjust the respective relays that the distant one shall attract its armature, while 
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that at the home staUon remains unaffected. When both keya are depressed, the cinmit is through 
the ooil r at each station, but the effect upon each relay is donbled, because the line is traveriwd 
by the combined current of two batteries. In order to render it certain that the receiving instru- 
ment at the home station should remain unaffected by the outgoing current, Farmer made use 
of the device employed by Qintl in 1855 ; an adjustable' rheostat X placed in a branch oireuit or 
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shunt passing around the receiving instrument, by which means so much of the outgoing current 
can be made to pass through the shunt, that the remaining portion will not be sufficient to produce 
any effect upon the receiving instrument. 

The mewod of inserting any required number of intermediate stations, devised by Farmer in 
connection with this invention, is represented at G, in Fig. 1097. The only variation from the ordi- 
nary arrangement of a terminal statKm consists in connecting the line wire running in one direction 
in tiie place of the earth wire. When the key is depressed at the intermediate station, the relays 
of both terminal stations respond, as the battery current traverses the entire line. This arrange- 
ment is of course applicable to any other similar method. 
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The diagram, Fig, 1098, illustmtes the principle of another method by Farmer. The key K, 
when depressed simultaneou^y lifts three separate contact levers A, A|, h^ The contact levers A, 
and A, are so connected with the main battery B, line wire L, and earth E, that the depression of 
the key has the effect of interobanging the poles of the main battery, with respect to the line 
and earth wires, or in other words, of reversing: the current upon the line. This reversal is 
effected without at any time interrupting the continuity of the main cirouit. The relay R is con- 
structed with two separate coils, r, and r^ the former being included in the main circuit, between 
the key and the earth, and the latter in the circuit of a local or equating battery 6, by the 
contact lever k, whenever the key is depressed, at the siime instant tiiat the battery is reversed 
upon the main line. The cores of the two coils of the relay are provided with bevelled pole pieces, 
which are so arranged that they act as armatures to each other. The core of r, is fixed, while that 
of r, turns upon its axis, Uie arm r which opens and closes the local oiicoit of the register or 
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soundeTi being attached rigidly. When the poles of the two magnets r, and r, attmct each other, 
the arm r is pressed against the stop py and the local circuit is closed, but when the attraction 
ceases, or is succeeded by a repulsive action, the spiral spring acts, drawing down the arm r 
opening the local circuit. The action of the apparatus is as follows, — The main batteries B at 
the two terminal stations are preferably armnged with their negative poles to the line, as shown 
in Fig 1098. In the normal position of the apparatus these neutralize each other, and there is no 
attraction between the poles of the magnets r, and r. of the nlay B. If now the key K is 
depressed, the battery B at the home station is reversed ; its polarity then coincides with that of 
the battery at the distant station, and the combined current of b(»th batteries traverses the line, 
producing a corresponding magnetic effect in the coil r, ; at the same instant the equating circuit 
IS closed at ^ and the current of the equating battery 6, traverses the other coil r,, giving it an 
equal aud opposite magnetic polarity, in consequence of wliich the home relay is unaffected by the 
depression of the key at the same station. When the key at the remote station is depressed, and 
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the home key is not, the relay responds because the equating current is absent in the coil r,. If 
the home key be depressed, the depression of the distant key causes the main batteries to oppose 
each other, in which case the signal at each station is given by the action of its own equating 
battery. By an obvious modification of this plan, the equating circuit might be taken from the 
main battt^ry B, dispensing with the special battery. In Farmer's arrangement, the continuity of 
tlie main ciitsuit is nevi r interrupted, and the resistance of the circuit remains the same, what- 
ever may be the p«isition of tlie key. 

Fig. 1099 is of the principle of W. H. Preece*s method. Its characteristic consists in the balance 
upon the relay of the home station being effected, not by two branch currents of the same battery, 
but by the entire current in one direction, and a branch of the entire current coming from the other 
direction. If the relay R of Fig. 1099 is wound with two separate and equal wires, and the branch 
line cVf a disconmtited, then any current sent to line by the depression of the key T, or any 
incoming current from the line IL, passing to the earth through tne back contact 3 of the key, 
would have no effect upon the armature of the relay. If tlie branch c W a be connected, having a 
resistance equal to that of the line L beyond the point c, and the key T be depressed, the entire 
current of the battery B would pass through the left-hand coil of the relay, while only one-half of 
it would pass from the point c to line through the opposing coil, the remainder going to earth by 
way of c W a. On the contrary an incoming current would also divide at c in the inverse propor- 
tion of the resiatanoe cY a and c Wa, and the portion passing by way of V would nearly counteract 
the effect of the undivided current in the other coil. The problt-m is to weaken as much as 
poesible, the effect of the undivided current in the left-hand ooil of the relay at the sending station, 
tigether with tliat of the arriving current in the same ooil, which tends to prevent the relay from 
giving signals by counteracting the effect of the other ooil. In practice this result is effected by 
the use of a Siemens polarized relay, the wire a W c being connected at a point c, between the two 
ooils, which are so wound as to oppose each other, when a current is sent through them conse- 
cutively in the ordinary manner. With this arrangement, it is only necessary to remove the 
adjustable pole-piece of the left-hand coil, to a greater distance from the armature than the right- 
hnnd one to effect a balance, so that the relay will respond to incoming currents, but will not be 
affected by outgoing currents. 

Fig. 1100 is a complete plan of the arrangement of Frisohcn's system at both stations, dis- 
tinguished by the letters A and B. The main oatteries L B at each station are placed with their 
positive poles to the line, and the negative poles to the eartli. R and R^ are the receiving relays, 
each wound with two separate coils. The rheostat, Wor W*, in the artificial line at each station, 
must be so adjusted as to make its resistance exactly equal to that of the line A B, added to that 
of one wire of the relay at the distant station. If the key at station A is depressed, the current from 
the main battery L B will divide at the point 3, one portion going by way of 4 and 6 to the line, 
passing through one ooil of the relay, thence fiom the line through one ooil of the relay at the 
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distant station B, by way VI. and lY. thenoe by III. and II. to the key lever at 6', back contact 
c' and wire XI., to the earth, the other portion going from 3, in an opposite direction, through 
the home relaT by way of 7, 8, rheostat W, and wires 9, 10 to the enrth. These two branches of 
the current will be equal to each other, and will produce no effect upon the relay at A for that 
reason. The relay at B, ou the other hand, will be affected by the current coming from A, and 
will respond to the movement of the key at the latter station. 

1100. 




If now the key at B be also depressed, one half of the battery current tends to go to the line, 
but as it meets the cnrrent from A of opposing polarity, the current in tlic main line is neutralized 
nr becomes nil. Tlie current in the artificial line at each station being no longer opposed by the 
line current, will operate the respective relays, and the signals given will correspond to the length 
of time the key is depressed at toe opposite station. Thus each station receives its signal through 
the action of the distant battery only. 

A third position occurs wnen one of tlie sending keys, for instance, at B, is in the act of 
changing from the rear contact c* to its front contact a\ in which case the current from A is 
interrupted at h\ and is, therefore, forced to pass through the second coil of the relay, but this time 
in the same direction, and thence through the rheostat W' to the earth. The current arriving at B 
is weakened one- half in consequence of the additional resistance encountered at W, but this is com- 
pensated for by its passing through both coils of the relay at B, in the same direction, and its total 
effect upon the relay is not lessened. Tlie difficalty in this connection arises from the fact that when 
the current at the receiving station is thus momentarily made to traverse botli coils of the relny, 
together with the rheostat, it necessarily causes an unequal division of the current between the two 
opposing relay coils at the sending stations, as the resistance of the main line becomes about double 
that of the artificial line, and thus the sender's relay is affected. As this occurs always either at 
the beginning or the end of a signal, no actual inconvenience is experienced, except possibly when 
the transmission is unusually rapid. A peculiarity of this, in common with many other methods 
of simultaneous double transmisbion in opposite directions, consists in the feet that it may be 
operated with equal facility, when the main batteries are arranged with agreeing instead of opposing 
poles. 

Fig. 1101 is of Steam's bridge duplex. H, A, B represent the apparatus at either end. In 
this diagram the line L constitutes one side of ihe balance, the resistance coil or rheostat R, the 
opposite side, while the other two sides are formed by two branch circuits A and B. The receiving 
instrument is placed in the bridge between F and G. The two branch circuits unite at H, and are 
connected by a wire to the lever I of key K. When the knob of the key is depressed, a current is 
sent along the wire to H and there branches, a portion passing through resistance coils A to line 
L, and a portion through resistance coils B and R to the earth. 

If the resistance of the branch A bears the same propojtion to that of L, as the resistance of B 
bears to R, then no currents will pass through the relay. When a cnrrent from the distant station 
is sent to line, a portion of it passes through the receiving instrument in the bridge, for, at the point 
F it finds two paths to pursue, one through the resistance A to the lever /, and small resistance v or 
to and battery to the earth, and the other through the relay and coils B and R to earth. 

The key K is so arranged that Uie line is always connected to the earth, either through the back 
contact direct, or through the front contact and battery : v and w are small resistances, placed in the 
circuits to prevent the battery being put even momentarily on short circuit, and also for the purpose 
of maintaining a uniform resistance in the circuit when the line is connected to earth direct, or 
through the battery. C is a condenser, for compensating the static charge from the line, and is 
attached by a wire to a brass plate G P, on the rneostat K, which is provided with plugs for con- 
necting it with tiie resistance coil plates, by which the condenser charge can be sent through anv 
portion of the resistance coils us desired. The method suggested by Frischen, in 1863, in which 
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he proposed lo employ liiffeKntial polnriied receifing iastraments, and armDgo the key n m to 
■end reverMU, haaWn adapled to SlEams'B apperalua in EngUnd. Fig, 1102 is the amngenwnt 
-^- ' - ■•- 1 _!.i- - — !.-!. -J (jij^ {jig balteiy may be dismnDected 



ciicle, and oontaot 




la made by means of two nitat Te«embling the handg of a wnteh, one of which ia oonnected to tlie 
higher aud tlie other to the lower resiatHncea. A aeries of retardation ooila connect B with the 
oondenaer 0, to that its return diecharge may bo gmduatod to correspond with that from the line, 
H" is a Siemens pftlarized relay with differential helices ; L line, E oartb, O B the np station, D 8 
the down station. 



In Smith's electro-mcchonical method, Fi;;. 1103, M is the receiving nky, which operates the 
aouuder Bin the usual manner bv means of the local battery I. The arniaturo levtr A cf the relay 
turns nil nn axle at a, and plays bctneeti the front and back contact stops i and c. D is a rontact 
leTer having its fblcnim at d. When tho tianeoiittpr T is in its pcstticn of rest, its pruji^ting arm t 
■n in Bueh a position that the arm D is drawn againfit it, by the tension of the ncljuBtsble apinU 
■prinf; i, and is, therefore, in tlectricsl contnct; but when the armstnre oF the trnnamiller ia 
depressed, the arm t is withdrawn, and the lever D Tslls biwk, by the tension of ita spring a, against 
the projecting stop a, of the relay armature A. The connections are arraiiged as follows ; — One pole 
of the main oaltery E is connected to the rulcmm ii of the nlny armature A, and the other pole 
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to earth at O. The falonun of tlio tninnnittcr T u bIbo oonnectail to eartli, a apuk ooil r being 
JDVerted, equal i'd raautanoe to Iho batti^ry in the nsoal nuuiner. The line L goee flret to the 
helices ef thu relay H, and thenoe to the fnlonUD dof the oontact lerer D. The traueniitter T maj 
be wrahed directly by band in the ame maimer as an onliiuuT key, but it U praTerable to uiftnge 
it ia the ordinary my with a local magnet m and hey K. 



■ 



The armature 
„ . , . e incoming cnrrents. Wiiirn the home elation has its key K 

op«i, the nlaj and sonnder respond to the writing of the distant operator. Tiie camnta entering 
at L paee through the rehiy H, and thence find their way to the earth b; way of the contact lever 
D, trannnitter T, and ■pats ooll r. Tbe nppei spring i is io adjoated thnt when acting in oonjuoo- 
tion vith the epiing >, llieir oombined pull will hold the armature lever A in its bach atop c, with 
sufficient force to withstand the attraction produced in the relay magnet H by tbe action of the 
main battery E, either at tbe home or tbe distant station alone, but the combined effect of the two 
batteiiea, when both of Ihem are in circuit at the same time, will be snfBcient to overcome the com- 
bined tention of the springa without difficulty. When the armature of the Iransmittur T at tlie 
home station is depreeaed, the arm t ia drawn back ; and the sprint; t pulU tbe oontsot lever D 
agiiinst tbe stop a. otitie armature lever A, whioli connects tbe main battery E to the line through 
the home relay H, but at tlie same time the combined tension of the two springs a and >, is eierled 
to prevent the armature from responding. If the distant key is depresaed, and the battery of tho 
distant station also placed in circuit, the tension nf both springs is overcome, the armature A 
lesponds to tho increaced attraolion or the magnerM, and closes its local circuit at b, thus recording 
the signal from the distant station. It is necessary that the main batteries should be pluoed iritE 
unlike poles towards each other, as in the ordinary closed circuit syatem. 

Fig. 1101 u of Winter's method. A and II represent the two terminal stations; I is th« 
line between them. At each station >' is tlie lectiving instrument, k key, b battery, e the eortb 
connection, and r a resistance ooil. Snppoeo oi^tentli of tbe wire of tba instrument is between i 
and r and nine-tentha between i and 1 ; let the resistance r be nine-tenths that of the line, and 
let the insulation of the line be supposed perfect. If, now, the key at A is depressed, the battery 
b is on short cireuit through the resistance and ooe-tenth of the instrument. The current from 
tlie battery at B flows through the whole of tho instrument at B, tho whole of the line wire and 
nine-tenths of the instrnment at A. Its action upon the instrument at A is antogonistio to that of 
the buttery acting loenllvatthat station, and it has to go through about nine times tbe resistance; it 
hai only about one-uintji of the sirength of the current of the battery on short circuit at A, but as 
it has nine times as mnnj convolutions of the instrument wire to pass thrnngh, tbe actions are 
jnat balanced, and the instrument at A ia unaffected. At B, however, it is evident that the battery 
acta on the whole of the ooil of the inslrument. and produces a signal accordingly, which is only 
■lightly weakened by the insertion of the resistance r, When B communicates with A, matter* 
are simply reversed. When both keys are depressed at once, (he battery at ench station acta 
locally, and the action on each instrument lb only about one-tenth less tnan the action oF the 
whole of the buttery when, after tmversiDg the line, it acts opon the whole of the coil of the 
inatrument ss in siugte sending. 

With another but less effective method by the same inventor. Fig. 1105, tlie key, instead of 
being connected to a point in the wire in the interior of the instrument ooil, is joined to % point in 
a reeistance i acting us a shunt on the receiving instrument, muoh nearer to the battery cud of the 
shunt than the line end. A suitable proportion between the resistance t and the inatrument ooils is 



simply, by mailing the point where tbe key is connected nearer to the middle nf the instrument coil 
in the first arrsngement, and of the shunt in the second method. Tbe intermediste stations can 
then communicate with each other, cr the terminal stations, in duplex, and without batteries. 

Tbe effect of the static induction of tbe line in the opposea battery system ia as follows: — 
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charge which will depend for its quantity upon the inductive capacity of the line. When either of 
the keys is depressed, the potential of the circuit at that point will he the Fame ns that of the earth, 
and half the charge of the line will flow out through the line coil of the instrument In the second 
of the two systems, Fig. 1105, the effect of tbe charge atid discharge will be lestsencd by part 
being carried off by the shunt. At each depression of the key, a strong instantaneous current is 
flowing in one direction through the line coils of the instrument, and when the key is raised there 
is another instantaneous current flowing in the opposite direction through the whole coil. The 
effects of the discharge, when not 

compensated, are, on the whole, ii04. 

much less marked in this than 
in the open circuit system. 
Winter's method of effecting 
the compensation for the in- 
ductive discharge is by winding 
the shunt on the battery side of 
the key upon an iron core, as at 
X, Fig. 1105. 

The transmitter T, Fig. 
1106, of G. Smith's electro- 
mechanical method, is worked 
either directly by the finger of 
the operator, or preferably, by 
a magnet, local battery and 
finger key K, as in the Steam's 
duplex. It is so arranged that 
the two batteries £ and E^ are 
both placed in circuit simul- 
taneously whenever the key is 
depressed. The circuit of 
battery E when closed, passes 
through the wire 1, spring S of 
tlie transmitter T, wire 2, and 
rheostat R to the junction of 
wire 4 and the line, where it 
meets the opposing current from 
battery £S which comes through 
wires 8 and 4, including one 
wire of differential relay M. 
The current of the principal 
batterv E is materially weak- 
ened by the resistance of the 
rheostat B, so that a much 
smaller battery E^ is sufficient 
to oppose its tendency to find 
its way back to the earth 
through the wire 4 and relay M. 
It therefore goes over the line 
to the distant station, and 
operates the instrument at that 
point Thus the first condition 
of duplex working is provided 
for, as the two batteries E and 
E* neutralize in the wires 8 and 
4 and relay M. The currents 
received from the distant station, 
over the Une, divide at the junc- 
tion of the wire 4, one portion 
going to the earth through the 

rheostat R and wire 2, and the other portion through the wire 4 and relay M, recording the 
signal. So far as the strength of the outgoing current is concerned, it is quite immaterial what 
the resistance of the relay M is, and this may therefore be made of whatever redstance will 
produce the most favourable effect with the incoming currents. 

An ordinary relay might be used with this duplex, but in pactice it has been found preferable to 
substitute a differentially wound relay. The extra circuit of this forms a part of the wire 6, which 
is attached to the battery 2, and to one side of a condenser G, the other side of which is connected 
to earth. By this contrivance the return current or static charge is effectnally compensated. When 
the circuit of the battery is closed, the condenser G takes a charge. When the battery is removed 
from the circuit the line and the condenser discharge themselves bimultaneously, but the two chargi-s 
pass off in opposite directions through the two wires of the differential relay, and their effect upon 
its cores is nil. The resistance of the spark coll r should be made equal to that of the juint 
resistance of the batteries E and E^ The balance of the whole system is obtained by varying the 
rheostat B. 

Instead of a transmitter with the continuity preserving springs S S, an arrangement might be used 
which would short circuit both batteries when the key is up, by a connection which would be inter* 
ruptcd when the latter is depressed, so as to allow the current to flow to line. 
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In a method of BimnltaneoaB tmnaniBsiOD, invented by T. A. Edison in 1873, Fig. 1107, 
the signjils &re transmitted in one direction by reversing the polarity of a constant current 
and in the opposite direction by inoreaaing and decreasing ilie strength of the i»me current 
The relay B at station A consists of two soft iron electro-magnets r^ and r„ which act upon 
the same armature lever, dosing the local circuit of tlie sounder or other receiving instrument 
in the nsnal manner. The transmitter T is operated by a key and local battery as in Stearns 
method, and is so arranged that when the key is in a 
position of re^t the negative current from the battery E, 
pasaes to line through the electro-magnet r, of the liome 
relay B ; but if the key is depressed, the lever T of the 
transmitter makes contact between the battery E and 
earth G, and at almost the same instant interrupts 
the previously existing contact between £, and the 
earth. There is at all times either a potdtive current 
going to line through r„ or a negative current through 
r^ At station B the cunents pass through a polarized 
receiving instmment R|, and thence through a rheostnt 
X to the earth. The tension of the spring of relay B 
is adjusted, so that the current going to line is not 
sufficient to overcome it, except when the rheostat X 
is cut out by depressing the key K at station B. Con- 
sequently A sends to B by reversing the polarity of the 
current, without changing its strength, while B sends to A by changing the strength of the current 
irrespective of its polarity. The polarized relay can be placed at a number of stations on the line, 
and each will be aole to receive the signals from the stations transmitting the positive and negative 
currents. A neutral or Morse relay may also be placed at a number of stations, if devices are 
employed to prevent the mutilation of the signals by change in the polarity of its iron core. 

The principle embodied in this invention has be^ successfully employed in quadruple transmis- 
sion, by modincationa in the arrangement of the apparatus. 

Yianisi has invented a system for duplex working, besed on the Poggendorff bridge. Both 
systems agree in the arrangement of the batteries so far, that the balance is obtained in the circuit 
containing the one battel^, and differ in that Yianisi chooses as line, the circuit containing the 
second battery. Oedculation proves that both electrical systems suffer from the disadvantnge that 
the portion of the current entering the line is comparatively weiik. One of the nine combinations 
of the system designed by Yianisi differs from the others in effecting the balance in the receiver of 
the sending station, by means of a current coming from the receiving station, consequently each 
station requires but one battery. 

When neither key is depressed, both batteries are closed, but since similar poles are connected 
to the line, the currents, oeing equal and opposite, do not produce any effect. When stiition I 
is sending, its own battery is short-circuited through I's receiver. When both I and II send, each 
battery acts upon its own receiver, the currents passing through the line, neutralizing one another. 

The basis of the system is explained as follows. Let Fig. 1108, the opposite polos of two 
batteries, B, and B^wliose electro-motive forces are equal to E| £^ be connected by wires, and let ii 
suitable receiver be connected at two points, a and B. If the strength of the eurrents in the three 
branches be indimted by J„ J„ J„ and the resistances by W|, W^, and W^, according to KircliofTs 
laws there will be obtained 

J, - J, - Jj = 0. 
E, = J, W, + J, W,. 
£f =2 Jf Wj — J| Wg. 

From these equations the following values may be deduced ; — 

Jj ^ J| — Jf. 

E, - J, w, F, + J- rw, 4- w ^ 



J.= 



W. 



w 



_ F^ + J, W, E, ~ J, (W, + W,) 

'"" w, "■ w, ■ 

ObviouBly, J, = 0, if E, W, - E, W, = 0. 

Ilie equations are of nse when one station ia sending but not receiving. Figs. 1109 to 
1111 are modifications of tiie method. 

The key, Fig. 1 1 12, when depressed, breaks two circuits and establishes two new ones without 
interrupting the line. Two auxiliary levers b 6', Fig. 1 1 1 3, arc added to the onlinar y key lever. These 
are insulated from the main lever by ebonite plates, which are movable around the axes e and e'. 
At nest, the auxiliary levers, by the forked spring k and k^, which mny be tightened at will by 
moans of a screw i, are pressed upon the insulated contact pieces c and c'. The arms k k^ of 
the spring are not in metallic contact with the auxiliary levers, and they press against the plutis 
of ebonite I /. The metal plates n and n', are screwed firmly to tlie bottom of the apparatus 
below the auxiliary levers, and they have attached to them movable contact pins. If the key be 
pressed down, the auxiliary levers 6 and 6' come into contact with the studs d and d*; and if the 
pressure on the key be continued, they are raised finally off the points of contact c and h'. If the 
key be allowed to rise again, then b and b' come into contact with c and c^, and only b and b' 
break contact with d and d*. 

The connections of the binding screws 1 to 4 become clear from Fig. 1114. At rest, the terminals 

2 M 
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key is depressed, a current entering at 1 flowa to 3 bv b,d, kqi . ^ . .. ._ 

to 4 Ummgh c, if, and i'. During the motion of the bey no intermption oocnrs, esoept » ahat 
droaiting of tna battery, as the oonnectioni b, d, and b' d" ore eBtabUslied before the oontacti 
betweeo b, c, aod bV are romoTed. 

Ilie adjiutment of the appanttns is simple. The itaiis d oud d" should be equal in height. 



When the k^ (a Id use, oare must be token not to injure the thin tpira] wires p and g. Tig. 1 1 12, 
which ettabluh the oonnecticm between tlie aaiiliaiy levers and contact pieces with the binding 
■crew*. Fig. 1114 is a plan of the ke; connectians. 

In the plana of the circuits, Figs. 1109 to 1111, the ke; ia indicated by the fonr terminala 
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connected in pain. The rheostats M allow an ioBertion of iVom 1 to 4000 units. The reoeiven 
K, R| are Mone ink writeiB with movable eloctio-magDet and double Bpringa. The battery oonsiats 
of a mollification of Heidinger elements. 

When both keys are at rest. — At each station 1 and 2, 3 and 4 are connected : both batteries 
B have copper to line, with zinc, through reoeiTer and resistance, to earth £. As the two opposed 
currents axe of equfil strength, the line, completely insulated, is fri-e from a current. 

Key at station II pressed down ; at station I at rest At II the points 1 and 3, 2 and 4 
are connected; at 1, as before, 1 with 2, and 3 witii 4. The pobitive current of bnttery B 
goes through line L to II, flows through two parallel branches, through the receiver Rj, the 
resistance, and returns through earth to I throagh the parallel brunches Bh, and JSA,. But the 
receiver of the sending station II is influenced at tlie same time by its own battery, the positive 
current from which enters from below through Bh into the Blorse R| ; thus a balance of the two 
opposite currents may be effected in R,. The plan. Fig. 1109, appears to be identical with Fig. 1110. 
W| of the equation, is represented by the combined resistance of line L of battery B, of the 
branches R and Sh and of the earth ; W, by B, and resistance Bh ; and W, corresponds with the 
resistance of the writing instrument Rj of the sending station. If W, = W^ E, being henceforward 
taken as equal to E^ then, according to the equations, the receiver R, would remain entirely free 
from a current This is not always the case ; sometimes a weak current passes through the Morse 
instrument of the single sending station, and this current is not sufliciently powerful to attract the 
armature. 

Both keys depressed.— The points 1 and 8, 2 and 4 axe connected at both stations. The posi- 
tive current passes in both stations through rheostat and receiver to the zinc pole. The zinc pole 
of both batteries is connected to line ; therefore the currents neutralize each other in the line. 

As a practical example as to the difference existing between the single and duplex signals, let 
there be given the resistetnce of the line equal to 1200 units, that of the receiver as equul to 400 units, 
and let the resistance in each rheostat be 1600 units, equal to line + receiver inserted. Resistance of 
the car^ =0. At each station are placed 18 Meidinger cells, of which the combined electzo-motive 
force = 18, and total resistance = 108 units. 

According to the equations, 

W, = 1628 ; W, = 1708; W, = 400. 
J, = 00035; J, = 00109; J, = 00106. 

As the rheostat Bh is arranged as a shunt for the receiver, only |ths of the current pass through 
the receiver, and jth through the rheostat, the ratio of the resibtances of both parallel being as 1 : 4 ; 
from this 

I Jj = ^x00100 = 0-0087. 

Let the magnetic moment of the receiving magnet bo equal to the strength of current, multiplied 
by the square root of the magnet's resibtunce, then we have 

M, = J J, VW, = 00087 X 20 = 01740. 

The receiver of the sending station receives a magnctio moment, 20 J, or 0*00700, which is 
incapable of producing any effect 

In case 3, for each fetation, J = 0-0085 ; M, = 0*0085 VlOO = 0-1700. 

The difference of the magnetic moments in cases 2 and 3 is D = * 004, consequently the single 
and duplex signals are almost of equal strength. 

In Viunisi's first arrangement, the terminals 3 and 4 were insulated when the key was at rest, 
therefore the current acted with full force on the receiver at I, biuce the shunt R did not exist. 
Consequently Wj could be made equal to W,, therefore the current J, and magnetic moment in 
R, =0. 

In pursuance of the calculation with the numerical values given above, in case 2, the magnetic 
moment of tho receiver R„ M, = 0*2100. 

In cose 3, as above, M, = 0*1700, and thus D| = 0'04 ; that is greater than in the preceding 
instance. 

Receivers of too great a sensitiveness will not work so accurately under these circumstances. 

The difference bttween the simple and duplex signals in the firdt example can be further 
reduced by insc rting a resistance coil of 40 units at each station between tho terminal 4 and the 
line ; then in case 2 ; — 

J, = ; J, = J, = 00105 ; M, = I Jj = VVV, = 01680. 

For case 3. as before stated, M, = 0* 1700, D. = 002. 

A small galvanometer or detector is inserted between the receiver and the earth. The resistance 
of it, 2*5 units, has to be considered in the numerical examples. 

The receiver of the sending station shows inertia. For trial, I is arranged ns in Fig. 1108. The 
receiver wd^ at first a Hipp*s relay magnet ; then a Siemens polarized relay ; succeeded by a 
Hughes instrument. To make R work, the following alterations of Wj were necessary ; W, and W, 
were originally rheostats of 500 units each. Ist W| = 320 units. 2nd. Wi = 360 units. 3rd. 
Wi = 460 units. In the last case, the Hughes magnet was adjubti^l to extreme sensitiveness. 

This duplex method is applicable to the Hughes instrument. Figs. 1115tolll9. 

Yianisi's automatic repeater is a relay intended for transmission, whose contact lever interrupts 
two currents, and establishes two new ones. This relay is inserted in the local circuit of the 
sending Hughes instrument The mechanical locking of tho printing nxis applied to the new 
Hughes telegraph affords a means for adapting Yianisi's method. For this purpose, a system of 
auxiliary levers is applied to the contact lever of the sending Hughes, ^igs. 1116tolll9. The 

2 M 2 
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moTable parts 6, 6* must work easily. The plan of insertion does not diSeat from that in Figs. 1116 
and 1119. 

A numerical example of the bridge method, modified and applied to the Hughes instroment, will 
illustrate the principle. 

Besistanoe of hne, 80; of one Hughes, 20; of one element^ 0*12, all the resistanoes being 
expressed in rheostat units, each equal to 50 Siemens units. The strength of cunent required to 
work a Hughes is 0*73, and 80 to 96 elements are requisite for single working. 

Taking 100 elements. In case 2 ;— J. = 0*0205 ; Ji = 0*917 ; J, = 0*8965. 

As in the first example, the rheostat forms a shunt to the Hughes magnet, | J will flow through 
the coils, or f X 0*917 ; tliat is, 0*764. But when the armature of the recemng Hughes strilns 
the locking lever, the.ooils are short-dronited and the values an altered ; and 

J, = 0*139; J, = 1*056; J, = 0*917. 

The current J„ which flows through the receiving Hughes of the sending station, strengthens the 
induced m^netism of the cores, since it flows in a direction opposite to that which produces the 
signals at IX. I^ now, station I begins to send, a sodden reveml takes place in the magnet at 
station II. 

Fig. 1115 shows a Huehes connected with two batteries and two rheostats. Between P and P' 
a key is inserted, whose oepression suddenly breaks the circuit of the battery P. Having first made 
W) = W„ W| is gradually diminished, which has the effect of strengthemng the cores iu R, and 
the sudden depression of the key causes the magnet to be acted on by P' only. With the magnet 
adjusted, the locking of the printing axis is easily effected. 

In case 3, the current acting on each Hughes is 

J = 0*757, 

and the difference of currents in oases No. 2 and No. 3 = 0*007. J« could be made = 0, by the 
insertion of a resistance coil. There are 333 elements required to obtain a current of J r= 0*73 in 
the previous example ; but the bridge method is applicable to both old and modem Hughes instru- 
ments without auxiliary medianism. Fig. 1120 is sdf-explanatory of the means of connecting inter- 
mediate stationa 

M. Sieur's duplex system is distinct in principle. It is based on the use of a distributor or 
automatic current reverser, which divides up the time of sending into a series of small and equal 
intervals, during which a succession of alternating positive and negative currents, each current 
occupying an interval, are sent into the line. These currents are received separately on two 
polarized relays, one relay responding to the positive and the other to the negative currents. The 
system admits of sending two messages in the same direction simultaneously, or two meaaages in 
contrary directions. Tlie distributor id the same in either case, and consiits of a cam D, Sig. 1121, 
eonnected to earth and turning by clockwork between two steel springs Z, which it raises 
alternately as it rotates. If the cam revolves at a speed of twenty turns a second, it will raise 
during one-fortieth of a second the spring G, and being in contact with earth, it will put the 
positive pole of the battery to earth during that time, whilst the negative pole, through the spring Z, is 
in connection with the stud P of the key B. Passing on from the spring C, which returns to its 
stud A, the cam raises the spring Z, breaking contact with B. The negative pole of the battery is 
thus put to earth while the positive pole is connected to the stud P of the key A. During each 
revolution of the cam, the two poles of the battery are thus alternately drawn upon, but the inter- 
mittent currents from each are led to separate signalling keys A and B. If the key A alone 
is manipulated, a positive intermittent current is sent into the line, the interruptions succeeding one 
another at intervals of one-fortieth of a second. If the key B be worked a series of similar negative 
currents enter the line. 

The receiver is a polarized relay with two armatures, the armature A only answerine to positive 
currents, and the armature B to negative currenta Two polarized relays with a single armature 
will serve the same purpose. The armature B, wliich can only act under the influence of the 
negative current, remains passive on its upper contact, short-circuiting the local battery which 
actuates the recorder B ; but the armature A is attracted by the positive currents into contact with 
its lower stop ; breaking the short circuit and enabling the local battery to signal on the recorder 
A. The armature A is only attracted for one-fortieth of a second at intervals of one-fortieth of a 
second, but tiie recorder A can be so adjusted as to bridge over the interruptions, and give entire 
signals, while the key A is depressed, just as if the current were continuous. In the same way, 
when the key B is manipulated, the recorder A is passive, while the negative intermittent current 
from B attracts the armature B, breaks the short circuit, and allows the recorder B to signal. If 
both keys operate together in sending two different messages simultaneously, both armatures will 
simultaneously respond, each to its respective key, and both recorders, eadi to its respective 
armatare. 

In the arrangement considered, the armatures in vibration are caused to actuate the recording 
instruments, but by another method. Fig. 1122, they can bo made to signal when at rest Instead of 
connecting the springs of the distributor to the studs P of the keys, they are connected in this case to 
the studs r on which the lever of the key bears when at rest. A series of intermittent currents 
are in this way continually flowing in:o the lino, positive from the key A, negative from the key B. 
These currents cause the corresponding ormatures of the relay to vibrate continually. The lootti 
recording circuits are fo joined up to the armatures, as to be closed when the armatures are at rest 
on the upper stops, and open when the armatures vibrate, for the rapidly intermitting currents 
cause the armatures to vibrate freely midway between both upper and lower stops. On depressing 
the key A, contact is broken at r, the positive current ceases to flow and the armature to vibrate. 
It returns to its rest stop, completes the local cirouit, and causes the recorder A to hignal. Similarly 
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the key B causes the reooider B to signal ; and when both keys act at onoe, both xeoorden respond 
together, each to its proper key. 

When sending two messages in oontrary directions, each station mnst be able to send a meseairo 
without interfering with its own receiving iostmment. Let the two stations be called respeodv^y 
B and 8'. Only the station 8 is provided with a distributor, and it is of the form shown in ^g. 1122 



iiai. 



1122. 
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that is, the wires from the middle of the keys / nnite ; but before entering the line they are 
connected throngh the receiving i^lay. Fig. 1123 is the arrangement of apparatus at station 6'. The 
relay at both stations is so joined up, that the armatures A vibrate under the negative currents 
from 8, and the armatures B under the positive currents. The levers m, n of the signalling keys 
are each made in two metal parts insulated from one another. In the position of rest, the distributor 
of the station 8 sends into the line a series of alternating currents, which traverse the relay at S, 
and also that at 8', where they flow to earth by the levers / and the contacts T of the keys A, and B|. 
At both stations the armature A and B of the relays oscillate, but have no action on their 
recorders. 

When the key A, at station 8, Fig. 1123, is alone depressed, the armatures A at both stations stop 
vibrating, and the corresponding recorders signal. Similarly when B| is depressed the corresponding 
recorders at both stations also signal. Hence the sending of station 8 operates both relays and 
recorders. 

When the key A, of station 8, Fig. 1123, is alone depressed, th^part m of the bar makes contact 
with the lever I and raises it, while the part n raises the lover r. The negative current from the 
battery reaching the part n, passes by the lever r or the key A|, the contact piece, and the lever r 
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of tbe key B„ and goes to earth through the rheostat H, whilst the positive current passing by 
the part m and tbe lever / of the key A| enters the line. These positive currents from 8' strengthen 
the negative currents from 8 ; but the rheostat B in circuit, is adjusted so as to reduce the 
intensity of the current so produced, to the intensity of a single negative current. The negative 
currents from 8, therefore, act as if the key Ai of station 8' were at rest, and the armatures B at 
both stations continue to oscillate. Conversely the positive currents from 8 are neutralized by the 
positive current sent into the line from 8' ; and consequently the armatures A at both stations 
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cease to oscillate, thus actuating the recorders. If the key B, of the station 8' transmits alone, the 
part m of the Imr raises the lever I, while the pnrt n raises the lever r. The positive current, passing 
by m of the key A, and its resting stud T, to n of the key B^, and the lever r, goes to earth by the 
riieostat 22, whilst tlie negative current, passing by m and the lever / of Bp the contact T and 
lever / of A|, enters the line, where it does not affect the positive currents from 8, but neutralizRs 
the negative currents. At both stations, therefore, the armatures A continue to oscillate, but the 
armatures B are stopped. When both keys of station S' act together, the positive pole of the battery is 
connected to the line by tlio part m and lever / of the key A,. But the negative current, pa&ting by 
tlie part m and lever / of the key B, is insulated at the contact T of the key A, ; and the same 
pole passing by the part n and lever r of the key Aj U insulated also ut the contact piece of tlic 
key B,. Tliere is consequently a breach in the line circuit, and the armatures of both the relays 
act, and both the recorders signal. 

When the key A| or station 8 transmits at the same time as the key B^ of station 8', the depres- 
sion of the former suppresses the emission of positive currents from S, whUe the depression of the 
latter sends over the line a negative current which neutralizes the negative currents issuing from 8 ; 
consequently there is no current on the line, both tlie armatures stop, and the recoiders signal. The 
same effect takes place, but by an inverse process, when the key B| of station 8 is depressed at the 
same time as the key A, of station 8. 

When the key A, of station 8 transmits at the same time as the key Aj of station 8' or the key B| of 
8 at the same time as the key B| of 8', because the positive current sent out by 8' does not affect 
the negative one fipm 8, the stoppage of the positive current from 8 affects the armatures of the 
relays A at both stations, the same as if the key A, at station 8 had not been depressed. 8imi- 
larly the effect of depressing the key B, at station 8' while the key at station 8 is depressed is 
the same as if the latter alone was depressed, both B relays are operated. 

Fig. 1124 is of a method of simultuneous transmission by this system, in which separate batteries 
and ordinary contact keys are employed. 

Ottadt-uplex Telegraphy,— ¥ig. 1125 is of Edison's quadruplcx apparatus upon the bridge plan, 
r is a double current transmitter or pole changer, operated by an electro-magnet, local buttery «\ 
and finger key K'. The oflSce of the transmitter r is simply to interchange the poles of the main 
battery E', with respect to the lino and earth wires, whenever the key K^ is depressed ; or, in other 
words, to reverse the polarity of the current upon the line by reversing the poles of the battery E*. 
By the use of properly arranged spring contacts, s^ 8\ this is done without at any time interrupting 
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the circuit. Thus the movements of the transmitter r cannot alter the strength of the current 
Bent out to line, but only its polarity or direction. The second transmitter T* is operated by a local 
circuit, and key K* in the same manner. It is connected with the battery wire 12 of the transmitter 
r, so that when the key K" is depressed the battery E> is enlarged by the addition of a second 
battery E' of two to three times the number of cells, by means of which it is enabled to send a 
current to the line of three or four times the original strength, but the polarity of the current with 
respect to the line still remains as before under control of Uie first transmitter r. 

At the other end of the line are the two receiving instruments, B' and B'. B* is a polarized relay 
with a permanently magnetic armature, which is deflected in one direction by positive, and in the 
other by negative currents, without reference to their strength. This relay consequently responds 
solely to the movements of key K\ and operates the sounder 8* by a local circuit from bbtteiy L* in 
the usual manner. Belay B' is placed in the same main cirotdt, and is provided with a neutnd or 
soft iron armature. It responds with equal readiness to currents of cither polarity, provided they 
are strong enough to induco sufficient magnetism in its cores, to overcome the tension of the opposing 
armature spring. The latter is so adjusted that its retractile force exoeeds the magnetic attraction 
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indiiced by tlie enrrent of the battery £\ but is easily overpowered by that of the current ftom E* 
and W combined, which is three or four times as great Therefore the relay B' responds only to 
the mov^nents of K* and transmitter T*. 

A difficulty occurs when the polarity of the current upon the line is reversed during the time in 
which the armature of B' is attracted to its poles, for the aroiature will fall off for an instanti owing 
to the cessation of all attraolive force, when the change of polarity is actually taking place, and this 
would confuse the signals by false breaks, if the sounder were connected in the ordinary wav. By 
the arrangement shown in the figure the armature of the relay R' makes contact on its back stop, 
and a second local battery L* operates the receiving sounder b*. Thus when relay R' attracts its 
armature, the local circuit of sounder B' will be closed by the back contact of local relay 6 ; but if 
the annature of R* falls off, it must reach its back contact, and remain there long enough to com- 
plete the circuit through the local relay B and operate it before the sounder 8* will bo affected. 
But the interval of no magnetism in the relay R^ at the change of polarity, is too brief to permit 
its armature to remain on its back contact long enough to affect the local relay 8, and through the 
agency of this ingenious device the signals from K' are properly responded to by the movements of 
sounder S^ 

By plaring the two receiving instruments R^ and R' in the bridge wire of a Wheatstono 
balance, and duplii*ating the entire apparatus at each end of the line, the currents transmitted from 
either station do not affect the receiving instrument at that station. The duplicate parts which 
are not lettered operate in precisely the same manner, but in the opposite direction with respect 
to the lino. 

In applying this system of quadruplex transmission upon lines of considerable length, it was 
found that the interval of no magnetism in the receiving relay R', which takes place at every 
reversal in the polarity of the line current, was greatly lengthened by the action of the static dis- 
charge from the line, so that the emplimnent of the local relay 8 was not sufficient to overcome the 
difficulties. A rheostat or resistance i} was therefore placed in the bridge wire with the receiving 
instruments R* and R^, and shunted with a condenser c of considerable capacity. Between the 
lower plate of the condenser and the junction of the bridge and earth wire, an additional electro- 
magnet 17 was pluced, acting upon the armature lever of the relay R^ and in the same direction. The 
effect of this arrangement is, that when the current of one polarity ceases, the condenser c imme- 
diately di^liarges through the magnet r, which acts upon the armature lever of relay R^, and retains 
it in position for a brief time before the current of the opposite polarity arrives, and thus serves to 
bridge over the interval of tio magnetism between the currents of opposite polarity. The combina- 
tion of transmitted currents in this method differs materially from any of those used in other 
inventions. They are as follows ; — 

When the first key is closed and the second open .. -t- 1 

When the second key is closed and the first open — 3 or — 4 

When both keys' are closed -(• 3 or -t- 4 

When both keys are open —1 

Another very important practical advantage in the system under considertition, is due to 
the difference or working margin between the 

strength of currents required to produce signals ^ *^' 

upon the polarized relay, and upon the neutral 
relay rcspeciively, and this may be increased 
to any extent which circumstances render desir- 
able. Within certain limits the greater this 
difference the better the practical results, for 
the reason that the range of .adjustment of tho 
neutral relay increases directly in proportion 
to the margin. The ratio of the respective 
currents has been gradually increasea from 
1 to 2, to as high as 1 to 4, with a correspond- 
ing improvement in the practical operation of 
the apparatus. 

Before it became possible to produce a quad- 
ruplex apparatus capable of being worked at a ^ 
commercial rate of speed upon long lines, it was 
essential that its component parts should have 
arrived at a certain stage of development. 
When, in 1872, simultaneous transmission in 
opposite directions was for the first time 
rendered practicable upon long lines by the 
combination therewith of the condenser, the 
first step was accomplished. It now only re- 
mained to invent an equally successful method 
of simultaneous transmission in the same direc- 
tion, which was done in 1874. 

G. Bmith,in 1876, effected several important improvements in quadruplex telegraphs. Fig. 1126. 
Both receiving relays Ri and R, are provided with differential helices and polarized armatures, and 
in eeneral the differential method is employed throughout in place of the bridge. The relays R, 
and R, may be constructed as shown in the figure, or according to Siemens' pattern. Experience 
has shown that the latter form gives, on the whole, the most satisfactory results, and it has there- 
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foro been adoptc<i in all tlio moro recent apparatus. The combination of the outgoing curreiits 
differs from that employed in the original quadruplcx, and is as follows ; — 

Ki open and K, open, current travcrding line + 4 B 

K I open and K, closed „ ,, , + B 

Kj closed and K, open „ „ „ — 4B 

K, closed and Kj closed „ „ „ .. — B 

• 
As in the original qnadniplex, ke^ K) controls the polarity of the current going U> line, but the 
dcprei^sion of K, decrensed the outs^oing current, irrespectlTO of its polarity, from 4 B to B, or, in 
other words, cuts off the battery 3B altogether. 

The action of the relay B, is that only requiring detailed explanation. When both keys are 
at rest the positive current of both batteries + 3 B + B is passing over the line, and the polarized 
armature is pressed ngainst the contact lever tii, which yields, thus allowing it to separate from the 
contact lever n,, and the circuit of the sounder S is broken. When K| is closed, the polarity of the 
entire battery upQu the line is reverdod, and the armature passes over to the other side and presses 
against n, in the same manner, so that the sounder 8, cannot be operated by the stronger currents 
of either polarity. But the depression of the key K, in either ease decreases the current, until it is 
unable to withstand the tension of the springs of the contact levers nj n^ and thus the local oiicuit 
through tlie sounder 8, is completed, and the latter responds to the movements of key K,. On 
circuits exceeding 200 miles the sounder 8, is preferably operated tlirongh a local relay. The com- 
bination of the outgoing currents in different positions of the keys is also re-arranged, as — 

K I open and K, open, current traversing line .. .. .. .. -f B* 

K} open and K, dosed „ „ „ .. .. .. .. + 4 B 

Ki closed and K, open „ „ „ — B 

Kj closed and K, closed „ », „ — 4B 

An example of a totally different system of multiple transnussion, is that based upon the principle 
of the division of a single cuircnt into rapidly recurring waves or pulsations, first attempted oy 
Former in 1852, and used in Meyer's apparatus. 

This system is intended to utilize all the currents that in a given time can be made to succeed 
each otlier in a wire, so that several operators, each sending twenty to thirty messages an hour, 
may transmit tiiem upon the same wire. 

The number of transmissions that a telegraph line will cany varies with its conducting power. 
It is generally admitted that, with a speed of twenty-five messages an hour, on a Morse ins&ument, 
about five pulsations of the current occur a second. Consequently, n being the sum of the currents 

which in a second can succeed each other in a conductor, - represents the number of receivers 

5 

which it is possible to establish upon a single wire, or the number of -operaton that can work at 

the same time. 

The apparatus is usually constructed for four transmissions, and is worked by four operators. 
At a speed of seventy-five revolutions a minute, presenting fuur letters at each turn, it records one 
hundred messages an hour with twenty pulsations of the current a second. This is less than a 
mRximum result, for experience has shown that telegraph lines can be worked at a much greater 
speed. 

As the apparatus is arranged for transmission, four sets of keys, eight in each set, are placed 
with their receivera upon a table, each receiver naving a continuous strip of paper for recording. 
A clockwork movement, actuated by a weight and regulated by a conical pendulum, serves as the 
motor of all the receivera. The keys, as well as the receivers, are connected with the earth wire, 
and with the line wire in the latter case, through the distributor. 

The distributor. Fig. 1127, is the principal part of the instrument. During four equal intervals 
of time it directs the current of the battery successively toward each of the fpur receivera of the 
receiving station, o o is a disc of metal, fixed 

and insulated. It has forty-eight divisions, ^^*'* 

twelve to the quarter of the circle, of which 
eight, grouped two and two, are connected to 

the earth. There are, thus, four cables of ^yT^ \ 

eight wires each, which start from the four vfe^ 

sets of keys and end in the distributor. The , ^ //T^ 

groups or divisions are therefore sixteen in y^^ ^ ^ y Ci^ JJ\ ^ \ 

number, separated by intervals. The firet half 1 • tQ | ''' ^ J 

of a group, ^tli of a revolution, gives a short /^ U /^vJJ^^V 

oont^t; the entire group to one of double ^ 
the length. An elastic contact spring, mounted 
upon the axis, traverses the circumference of 

the disc, and successively connects the four keys and four receivera with the line, so that the current 
transmitted or received during the passage of the spring over one of the quadrants, is directed 
tlirongh the receiver to which it corresponds. Each operator thus has the line at his disposal during 
a quarter of a revolution. The transmitter is composed of eight keys, four black and four white, 
wliich arc connected between the battery and the earth. The black kcjrs represent dots, and the 
white keys dashes, starting from the left key. As soon as the rotating contact spring, in its 
movement, passes over that section of the disc to which the keys depressed are oonnecied, the 
signal or letter is transmitted, the spring passing to the next quarter section, which is connected 
with the nex t set of keys, manipulated by another operator, and so on, with all the sections. Attached 
t/) each of the keys is an eccentric, the use of which is to raise after each letter a smaller rider, and 
this, falling by its own weight, produced a tick, beating the measure, to which each operator works. 
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Each reoeivor h«8 for its printing mechaDiBin, Fig. 1127*, a section of a heltz, roflembling an 
elon^tol spiral. This may be moro easily nndentood by supposing a cylinder having upon its 
sorfuou a raised rib extendin;^ spirally oyer its entire length. Aa the contacts from the sets of keys 
are placed in a straight line over this cylinder, only one key 
can be put into connection with the spiral rib at the same 
time. The helix of the receiver and the rubbing contact 
of the distributor make their revolutions in the same time, 
and from the same starting point. An inking wheel 
revolves freely on each of the helices. The letters appear 
tninsYenely upon Uie strip at right angles to tiie ordinary 
M(»rae characters, the paper being raised to the writing 
helix by the arraaturo of the electro- magnet over whirh 
it passes. This transverse disposition of the letters 
presents a double advantage ; it avoids confusion between 
oon«ecutive letters, and reduces considerably the length 
of the paper band used for each despatch. 

Multiple transmission in this case depends upon 
identical revolutions, iti the same time, of certain poHions 
of the apparatus at distant stations. This is effected by 
the aid of a conical pendulum and a reguLiting system, by which a correcting current is transmitted 
every second ; and it is arranged thut the line sliould be put to earth at both extremities after each 
emission of the current. 

Construction of Submarine Cabtes. — The materials employed in the construction of underground 
or submarine cables comprise the copper required for the core, the insulating coating, whether of 
guttapercha or icdiambber, and outer protections of hemp with various kinds of sheathing. The 
data for ascertaining the weight in pounds of copper wire of given diameter will be found under the 
head of Electrical Testing. In designing a stmnd of a given diameter, the weight of each wire 
must be taken separately, and the total weight will be the weight of the strand. FormulsQ given 
for weii^lits of strands are only approximate, as they can be correct for only one kind of strand. 
Strands for cables are very various in construction, consisting generally of an outer circle of wires 
around a central wire of the same or larger size than those of the circle. A second circle of wires 
sometimes surrcmnds the strand thus formerl, when great flexibility is required, with large diameter. 
As it is essentid that the outer circle of wires should fit accurately upon the central wire, the 
outer diameter of the strand being generally given, it remains to determme the size of the central 
wire, and the number of the surrounding wires. This is usually effected by the following Table I., 
calculated from a table of polygons. The table also serves to determine the inner and outer 
diitmtter of iron- wire slieathing. Multiply the diameter of the wire by the constant corresponding 
to tlie number of wires around the central wire. The diameter of the wire may be in mils, inches, 
or millimetres. The inner diameter of an iron-wire sheathing, or of the outer circle of copjier 
lAifLS, may bu obtained from the outer diameter by subtracting the diameter of the wire. 

Table L^Diameteb of Ibon Sheathing. 
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The diameter of the core having been determined, and the nature of the strand, the dielectric 
or insulating material needs consideration. Much discussion has arisen amongot the advocates 
of the various insulating materials, but the use of guttapercha has gradually extended until 
this material is that most largely employed as an insulator. Its advantages are durability and 
almost perfect freedom from chjinge when immersed in water, out of contact with air or oxidizing 
influences. As a dielectric, its various qualities differ amongst themselves hiore than other insula- 
tore. Cheap guttas, as a rule, are very highly insulating, are mechanically very brittle, and have 
high inductive capacity. These gums are also generally in a high state of oxidation, and contain 
a large proportion of other gums than guttapercha. By chemically separating these ^ums from the 
guttapercha, the purified percha is found to have properties that are very similar in all samples 
precipitated f^m varying Kinds of the commercial article, but that still are not identical in the sense 
that wo^ld be imputed to a metal separated from an alloy. This variation probably occura from 
the varying rate of oxidation, since guttapercha will oxidize in a moist atmosphere at about the 
same rate as the metal lead. As it oxidizes, so it increases in resistance ; but a curious phenomenon 
is that, whilst the oxidized product is by itself a substance having lower inductive capacitv than 
the true guttapercha, the compound of guttapercha and oxidized products is of higher inductive 
capacity ; a fact that fully illustrates the accuracy of 0. Maxwell's reasoning as to the properties 
of insulating materials, as regarded from the electro-magnetic theory of light, a theory that finds 
extension in the fact that the most transparent varieties of guttapercha, as well as of indiarubber, 
are the most highly insulating. The various qualities of guttapercha ara usually blended in 
manufacture, to obtain medium effects, electrically and mechanically. It is a popular error 
to suppose that highly insulating guttas are the most valuable, for as a rule these are mechanically 
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brittle, and haye but littlo electrical durability. Moderate insulation is safflcient for any ordinary 
wire, and when this has been attained, attention should be directed, preferably, to consideration of 
tlie inductive cnpaoity, than to further increase of the insulation resistance, lieoause the inductive 
capacity in conjunction with the conductor resistance regulate the speed of iFansmission, which is 
independent of the insulation when the last is sufficient. 

During manufacture, in tliat stage termed mastication, guttapercha admits of considerable modi* 
fication of its inductive capacity. Given a temperature sufficient to maintain the gutta easily 
masticated, the inductive capaeity decreases generally with the length of the prooes of mastication, 
until a limit is reached at which the capacity commences to increase. Guttaperoha should never 
be' masticated to this limit, because its electrical properties are at about this time liable to sudden 
variations, or departures, from the normal quality of the sample under treatment In cases where 
the limit is attained after eighteen hours' mastication, the process should not be continued longer 
than twelve hours, as when deterioration sets in, its progress is very rapid. 

Admixtures have been proposed to guttapercha to increase its insulation reslBtanoe, and to 
decrease its inductive capacity, but the use of none of the ingredients suggested has met with 
extended application, ezoeptlon being made with regard to paraffin and other members of the coal- 
tar series. In view of the approaching scarcity of the guttapercha plant, attention might be 
bestowed upon this subject with advantage. 

Guttapercha weighs about 61 lb. a cubic foot. The resistance of a cubic knot of guttapercha 

averages about 2100 megohms at 75^ F., and its capacity about 0-0687 microfarad. The weight of 

D* — d» 
guttapercha in a knot of core is — -j^ — lb., where D is the outer and d the inner diameter of the 

guttapercha sheath in thousandths of an inch. The diameter of a guttapercha core with solid con- 
ductor weighing u> lb. a knot, and guttapercha weighing W lb. a knot, is V 54*3 u> + 486 W in 
Tium ^^' ^^^^ ^^^^ ^^ ^^*^ weights and of the diameters of guttapercha may respectively be obtainccl 
from Table II., which for practical use includes the logarithm of the ratio of the diameters ; those 
logs, may be increased by 0*03342 for 3-strand and 0*00119 for 7-stmnd conductors. 

Table II. — Ratios of Weigbts and Diameters: Guttapercha Wires. 
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0* 


3*64 


0* 


3*65 


0* 


3*67 


0* 


3-68 


0* 


3*69 


0- 


3-71 


0* 


3-72 


0- 


3-73 


0- 


3*75 


0* 


3-76 


0- 


3*77 


0* 


3*78 


0* 


3-80 


0- 


3-81 


0* 


3*82 


0* 


3*84 


0* 


3*85 


0* 


3-86 


0* 


3-87 


0* 


3*88 


0* 


3*89 


0- 


3*90 


0* 


8*91 


0* 


3-92 


0*, 



1*55530 

1-55751 

1*55991 

* 561 10 

1*56110 

* 56229 

1*56467 

•56585 

>• 56703 

•56937 

•57054 

•57171 

•57403 

•57519 

•57634 

• •57749 

•57978 

1*58099 

>*5820G 

1*58433 

58546 

1*58659 

•58771 

•*58888 

•58995 

1*59106 

I-59218 

1*59329 



With increase of temperature, guttapercha, like all other gums used in commercial electricity, 
decreases in resistance. If w' is the resistance of guttapercha at f^ F., and w" the resistance at 
«"o F., then 

log. to" = log. w' - ((" - O log. * 0399. 

At high temperatures the electrical resistance as well as the mechanical strength of guttapercha is 
permanently injured. 

The electrostatic capacity in microfarads of a guttapercha cable is a knot 

K 

~log. D— log. d* 
where K varies from * 1800 to * 1400, the lower number corresponding to a lower standard of insulation. 
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Tbo inBuLition of any guttapercha cable may be calculated from p (log. D — log. d) in 
megohma a knot, where p varies from 700 to 300, aocording to the quality of the guttapercha. 

Where guttapercha covered wire ia to be immersed in water, it Bhould receive at least two 
coverin;C8 of gutta, both to diminish risk of fault, and to prevent percolation of water directly 
through a small hole that might be continuous between outside and the conductor. As a rule, tho 
first coverings are of superior qualities of gum. 

Next to guttapercha as an insulator, the most frequently used is indiarabber. Ab sn insulating 
system, indiarubber is- far more complicated than that of guttapercha, because indiarubber alone is 
never used to completely insulate wires. Generally, a coaling of brown or natural rubber is wound 
spirally upon the conductor, and this is surrounded by a separating coating of indiarubber with 
which oxide of zinc and French chalk has been masticated, succeeded by a final coating or jacket of 
indiarubber containing a large percentage of oxide of lead and sulphur. Thus prepared, the core is 
vulcanized, that is, exposed to high temperature and steam pressure. Under the head of India- 
rubber manufacture, tliis process will be found detailed. Tlie copper wire of the conductor must 
when inserted in a sheathing of indianibbLT, always be tinned, because copper and indiarubber in 
contact determine a chemicul action wliicli results in the rubber becoming viscous, and of no elec- 
trical or mechanical value. C<ires constructed as described are said to be of Hooper*s material, and 
are used in situations exposed to variations of climate or high temperature. The use of this material 
dues not seem to extend, since it is not rel'able ucoording to some authorities, and is of greater cost, 
but in some situations where guttapercha would be s<>on destroyed this core has given exci'Ucnt 
results, and has proved especially serviceable for torpedo cables, or occasional work subject to bo 
alternately wet and dry. 

Hooper's material weighs about 78} lb. a cubic foot. The redstancc of a cubic knot is 43,050 
megohms at 75° F., and its capacity about 0*0543 microfarad. Its electrostatic capacity is 



= 2-7 



0543/ 



log. D — log. d 



for / knots. 



To overcome the difficulty of serving the conductor with such varied materials, it has been tried 
to pass tiie wire through a composition of ozokerit and indiarubber masticated together. This mixture 
has given very good electrical results, but has the disadvantage that it will not adhere to the wire. 
Kerit, a vulcanized compound of indiarubber and cotton-seed oil, has been largely used for office 
and leading wires. 

A method of laying undergpround wires has been carried into practice by C. Brooks of America, 
which differs entirely from any other system of insulation. Cotlon-oovered wires are laid in a tube, 
which is then filled, and maintained full, from reservoirs of petroleum oil. Wires thus laid are 
stated to be free from inductive infiuence upon each other, and to afford good communication for 
the telephone. Underground wires are usually multiple core cables, bound together by a sheathing, 
and laid in a trough or ditch. 

The next stage of preparing a cable to tliat of insulating the conductor is to protect the core 
with a covering of hemp. Tiie hemp serves generally as a pad to a sheathing of iron wires, which 
are again served with aspLalte in some cases. Given the area of section of the cable filled with 
hemp and asphalte, it is usual to ascertain the weights required of each material required for a knot 
of cable from tables similar to III. and lY. 



Tablb III. — Area of Section ihsidb Iron Sheathiho. 



No. 


i 


, No. 


a 


1 No. 

1 


a 


No. 


a 


3 


004031 


10 


4-55262 


17 


16-84500 


24 


86-94514 


4 


0*21460 


11 


5-83145 


18 


19-23769 


25 


40-44176 


5 


0-54238 


12 


7-26916 


1 19 


21*78931 


26 


44-10753 


6 


1- 02728 


13 


8-86608 


20 


24-50018 


27 


47-93245 


7 


1-67041 


14 


10-62211 


1 21 


27-37019 


28 


61-91656 


8 


2*47223 


15 


12-53727 


1 22 


30-59935 


29 


66-05978 


9 


3-43292 


16 


14-61157 


1 23 


83*58768 


30 


60-36216 



Area of section inside iron sheathing = d* x a, where a is constant of single wire oorrespondiog 
to the number of wires. 

Tablb IY.— Abbas fob Asfbaltb Casihgs. 



No. 


» ! 


1 
No. 


* 


No. 


k 


No. 


k 


3 


2-396505 


t 

10 


12*406609 


17 


30-196771 


24 


65 -784694 


4 


3*356194 


11 


14-470727 


18 


33-374750 


25 


60-076713 


5 


4-469373 


12 


16-693936 


19 


36-711869 


26 


64-527882 


6 


6-739672 


13 


19-076255 


20 


40-208138 


27 


69-138201 


7 


7 168203 


14 


21-617684 


21 


43-863537 


28 


73-907700 


8 


8*755420 


15 


24-318243 


22 


47*678106 


29 


78-836319 


9 


10-501509 


16 


27-177942 


23 


61*661835 


SO 


83-024098 
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To obtain ihe Beotional aiea of the spaoe included between the core and a single row of abeathing 
wires, multiply the square of the diameter of the wire, in any measure in which it is deaired that 
the result shaU be, by 0*7854 and by the constant a. Table III., oorreeponding to the number of wirea 
in the sheathing. From this must be subtracted the product of the square of the diameter of the 

core, in the same measure, multiplied by j or *7854. 

To obtain the sectional area between two layers of iron sheathing, in double sheathing, calcu- 
late as before for the outer circle of wires, and from the result subtract the pfodaot of Uie square of 
the diameter of a single wire of the inner circle into 0*7854, and into the constant k^ taken for the 
corresponding number of wires in Table lY. 

Then, as 1 cwt of Italian or Russian hemp occupies 4928 cub. in., and as there are 73,044 cub. in. 

73 044 
a knot length of 1 in. sectional area, ' or 14*822 will be the constant by which the seo- 

tional area iu inches is to be multiplied to give the weight in a knot, in owts., of Italian or Busdan 
hemp required. The constant for tarred hemp is 21*038, and for lianilla, 15 '528. If the area id 
taken in square millimetres, the constant to reduce to cwta. a knot is for 

Italian or Bussian hemp *0230 

Tarred „ „ -3260 

ManUla „ „ '0241 

If the area is in square millimetres, and the weight is required in kilogrammes a knot, the con- 
stant for Italian hemp is 1*1685; tarred hemp, 1*6261; Manilla, 1*2248. 

The weight of asphalte required to case a knot of oore to a given outer diameter, ma^ be 
obtained, in owts., from the sectional area in inches by multiplying by 36. If the area is in 
millimetres, the constant for cwts. a knot will be *0558, and for Kilogrammes a knot 3*3928. The 
asphalte area is obtained by deducting from the square of the outer diameter multiplied by *7854, 
the square of the diameter of a single sheathing wire multiplied by the constant k, in Table IV. « 
corresponding to the number of wires. These and the preceding constants will decide the weight or 
dimensions of any ordinary core or cable. 

Land Line Constntction.~-ln the construction of an overland line of telegraph, the practice will 
always vary with the country through which the wire passes, and will be regulated by the oost of 
transport of the poles and other materials. But the suspension of the wire involves fixed principles, 
when the breaking strain is known. If T is the breaking strain of the wire, w the weight of unit 

T 

of length of the wire, L the length of wire that itself can support without breaking, then L = — 

is a constant for the same kind and quality of wire, depending only upon the unit of length 
adopted. With ordinary soft iron telegraph wire L = 3*3 miles. If t is the working strain of the 
wire, / the length of the wire whose weight is equal to its working strain, and g the factor of safety, 

T r f ■ 

so that t = — and / = -> then / = — . When x = 4, / = 4400 ft. for soft iron wire. All telegraph 
wires are suspended with a certain dip or sag, which practically is in feet, ( tx^;) X 2*56, where a 

is the span In yards. For the maximum working span the dip should be = -= • 

Table Y., in addition to that at p. 2987 of this Dictionary, is of service when dealing with iron 
wire, it being promised that the resistance a mile of Mo. 1 is at)out 5 ohms at 80° Fahr. 

Tablb v.— Iron Wibb. 



U.W.O. 


DUuneter 


Weight 

aYani 

InPuvoda. 


Breaking 
Strain of Soft 


Batloof 
BesiaUnoeto 


B.W.O. 


Diameter 


Weight 

aYaid 

in Pounds. 


Breaking 
Strain of &ift 


Ratio of 
Beaistanoeto 


in inches. 


Iron Wire In 
Puondn. 


that or No. 1 
Wire. 


in inches. 


Iron Wire in 
Founds. 


that of No. 1 
Wire 


1 


0*300 


0*6875 


4000 


1*000 


^ 


0*149 


1704 


900 


4*054 


2 


0*280 


0*5990 


3400 


1*148 


10 


0*140 


0-1497 


820 


4*592 


3 


0*260 


0*5165 


2900 


1*331 


11 


0*125 


0*1195 


650 


5*760 


8^ 


0*250 


0*4800 


2700 


1*440 


12 


0*110 


0*0924 


510 


7*438 


4 


0-240 


0*4400 


2500 


1*562 


]2i 


105 


0*0852 


450 


8*163 


5 


0*220 


0*3700 


2200 


1*860 


13 


0*095 


0-0705 


400 


9*972 


^i 


0-210 


0*3409 


2000 


2-041 


14 


0*085 


0*0551 


350 


12-457 


6 


0-200 


0*3056 


1800 


2*250 


15 


0*075 


0*0429 


300 


16000 


7 


0*185 


0-2615 


1520 


2-630 


16 


0-065 


0*0322 


200 


18*367 


8 


0*170 


0*2210 


1200 


3-114 


17 


0*057 


0*0284 


150 


21*302 


9 


155 


0*1836 


950 


3-746 













In any straight line the whole vertical pressure on the supports is eoual to the whole weight of 
the wire on the line. When the supports are on the same levelj ana the spans are equal, the 
vortical pressure on any one support is equal to the weight of wire m one span. In erecting a line 
in which the wire is not fastened at each insulator, the case is one of a chord passing over smooth 
pulleys, and the strains along the wire on opposite sides of the support are always equal. The 
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reraltant horizontal stroin, if any, is P = (000. • •- 000. O, where t and i' are the angles made by 
the horiam on opposite sides of the sapport. If the supports are on the same level, and the spans 
equal, then the angles will be eqoal and the resultant horizontal strain nil. If the supports are 
nut on the same level, the distance these are to be set apart, in order that 1 equals t*, may be cal- 
enlated. 

B. 8. Brongfa has given the following formnlss for the strain at angles. Let 9 be the angle con- 
tained by the wire and ^ the supplement of this angle, B the resultant stiain due to the wire is 

2 i COS. ^,or2 1 sin. ~ s < v 2 (I* cos. ^). By these formnln the mazimnm angle admissible with 
2 A 

an insulator of given strength when employed to support a wire of given weight can be calculated, 

thus ^ = 2 sin. ~ ^ 57 * 1^ ^ radius of 57 '3 ft. is measured from the bottom of the post, the number 

« • 

of feet in the chord will give the number of degrees in the angle with sufficient accuracy. 

The horizontal pull on a terminal insulator due to the wire is P = t cos. i. The value of t has 

T • 
been given as = — • 

The strength of a poet depends on the form of its cross section and upon the material. 
If P be the resultant strain at right angles to the post, due to whatever cause, and h be the 
height of the centre of pressure a£K>ve the ground line, the strengtli m required at the ground 

line must be not less than P X A. If z is tlie fiictor of safety, then - = P. A. If (f is the depth 

in the direction of the strain, and b the width of the post at right angles to the strain, generally 

ft 
m = il -^ 6 d* for solid posts ; m = A ^(B D* — 6 «!■) for hollow posts of uniform thickness, where k 

is a ooefBcient for cross section, and /for materials. For squares and cross angles, A = ^. For 
ellipses and circles, * = §0 = Ta^ • '° **** ^*^ ^ *^*" hollow pOBts, to = 2 A ./. < . D (D + 3 B), 

where i is the thickness of material. In the Indian Telegraph Department the following values 
are adopted for/, as given by Glurk and by Banklne ; — 

Foot tons A 
sq. In. 

Wrowpd Ifimi Solid bars and circular welded tubes 18to20 

Circular riveted tubes of plate iron, with tmn^sverso 

joints, double riveted 13 

Plate beams 18 

Caiilr(m: Solid bars 13 

Tubes 11 

Yioodi Fir, Bed pine 3 to 4 

«, Spruce 4 „ 5 

„ Larch 2 „ 4 

» Teak 6 „ 9 

If a post is to be of uniform strength throughout, the following may bo the proportions. Let 
X be the depth of the post in the direction of the strain at the ground line, 6 its width at right 

angles to the strain, d its depth at the top, then P x A, as before, =A. — 6 a:', ^—\ i^ the 

3 
breadth h is constant ; d = - x if the breadth varies with or, for solid posts. For thin hollow posts 

of uniform thickness, P A = 2 A/<x (x + 8 B). 

X* X 

d =s - — J— -^ if B is constant ; d = - if B varies with x. 

When a post is insufficiently supported by its own rigidity, it is stayed to the ground or strutted 

to another post. The resultant moment at the ground line is m' = m P . A . , where P is the 

*^ sec. a 

horizontal strain upon the post, and A the height above the ground at which P is applied, 

and a the axle of slope, if any, of the post, away from the directions of the strain. The stay 

should always be fixed in the plane in which the resultant strain is to be met If tlie resultant 

strain in one diitfction is R ana in another S, making an angle ^ with the former direction, and the 

total resultant strain T, which makes an angle B witn the first airectioo, then 

g 

T« = B« + 8« + 2B8cos.^; and sin.© =g sin. ^. 

Telegraph lines in exposed situations must be constructed with allowance for the pressure of 

?revailiog winds. A safe maximum wind pressure to be allowed for is 50 lb. on the square foot 
'he pressure on a semicircular surface is practicfiUy three-fourths of that on a flat surface at riglit 
angles to the current, although theoretically it is only two-thirds. The strain on the wire at the 
insulator from this cause is nearly 
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where s is the length of span, « weight of wire for a unit of length, and t the preunxe for the mme 
unit. If r iB the original strain, then this new strain is 



•i =r r V 1 + (- ) nearly. 



In 100 yards span, changes of temperature of 6^ F. will cause the dip to vary about 1 in. The 
following aips in feet are calculated to bo used safely with tlie corresponding spans in feet at 
quarter breaking strain of soft iron wire. 





Table VI.— Dip of 


Soft Iron Wibb at Quabteb Breakikg Straik. 






Span. 


^ Wp. 


Span. 


DIlK 


Span. 


Dip. 






fU 


/ ''• 


ft. 


ft 


ft. 


ft. 






225 


^ 1-33 


1050 


31-59 


2100 


129-81 






240 


1-64 


1125 


36-31 


2175 


139-56 






264 


1-98 


1200 


41-36 


' 2250 


149-78 






300 


2-56 


1275 


46-76 


2325 


100-40 






830 


310 


1350 


52-51 


2400 


171 -43 






375 


4-00 


1425 


58-60 


2475 


182-95 






450 


5-76 


1500 


65 04 


2550 


194-80 






525 


7-85 


1575 


71-62 


2625 


207-13 






600 


10-26 


1650 


79-00 


2700 


219-50 






675 


13 00 


1725 


86-52 


' 2775 


233-20 






750 


16*05 


1800 


94-41 


2850 


247 00 






825 


19-44 


1875 


102-67 


2925 


261-20 






900 


23-15 


1950 


111-31 


3000 


276 00 






975 


27-20 


2025 


120-33 









If steel or hard iron wire is used, the dip will be inversely proportional to the breaking strain. 
Ill the Indian Telegrapli Department, the unit is taken for iron wire at 25 lb. a mile, and the 
number n of the wire is found by dividing the weight of a mile in pounds by 25, or n = -05 W, 

where W is the weight of a mile in pounds. The diameter of the wire in inches is — — = 

23'5 

-0425 Vn, and its sectional area is 0014194 n. The resistance at 80°, the standard temperature 

•252 
for India, is in ohms a mile ; and the breaking strain in pounds is 83*3 n, or 3^ W. 

The strain on a terminal insulator in pounds is 21 n ; and on an angle insulator 42 n sin. - 

85 
where ^ is the supplement of the contained angle. The number of miles to a ton of wire is — 

» 
4-25 

and to a cwt . These units are easily adaptable to any other system. 

n 

Submersion of Submarine Cables. — The method of laying submarine cables has been described in 
this Dictionary under the head of Telegraphy. Although some modifications in machinery for 
laying cables and for picking them up have been introduced on cable ships, these do not call for 
description, and are of that nature which the exigencies of the case have required. 

When coiling a cable on board ship, a length of about 40 fatlioms is left out for splicing on to 
any other length of cable. The cable is then passed into the tank, and the coiling is commenced 
from the ontaide towards the cone of the tank. The cable is then returned across the flake to the 
outside of the tank. At every mile, a mile mark is tied on to the cable, and consists usually of 
a piece of punched guttapercha. The position of a joint in the core is marked by red paint on the 
outside of the cable. Water is run into the tank as the ctible is coiled away, and kept to the level 
of the working flake. The second flake from the bottom of the tank is usually marked to call 
attention for preparing to change tanks. Compounded cables have every fluke whitewashed to 
prevent sticking. When tanks are to be changed, the transition from one tank to another is 
cflccted in the following manner ; — ^When about a mile from the bight or what was the bottom end 
of the coil in the tan^ but which has been spliced to the running end of the next tank, all hands 
are called to work, the speed of the vessel is decreased, and the weight taken 00" the biake of the 
drum. When about ten turns of cable arc left in the tank, the cable is laid in the trough leading to 
the next tank. In picking up from a buoy, the vessel advances stem on to the buoy and lowers a boat. 
After removing the flag and the stafi" from the buoy, a chain is run from the steamer to the buoy 
chain, and a second rope to the buoy itself. The chain is carried to the picking-up machinery, 
generally a powerful steam winch, and the cable hauled in. During the hauling in of a cable from 
deep water, the strain is frequently sufficient to give an indicated length of 3 per cent more than 
that recorded during manufacture or paying out. The paying-out gear and picking-up drum should 
be in line with each other, so that when it is required to work from the stern, Uie power of the 
picking-up winch can be utilized forward. 

In picking up, the strain on the grapnel rope may be calculated from the following formula ; — 
T is the strain on the grapnel, add t the stniin on the cable when raised through the height h 
from the bottom of the sea. 2 A is the length of the cable raised, 2 x the horizontal projection, and 
y the weight in water of one foot of cable ; then 

k = fj x"* -\- h\ 
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If 9 is tho ratio of slack to length paid ont ; 7 = 1, and k = (_q + l)x. The strain on the 

X 

grapnel T ^2xk=2vh. 



2 per cent. 


Bperoenl 


10 per cent 


00102 


00064 


0-4048 


0260 


0102 


0058 



The strain on the cable, 

2Bin.^~ A 'q* + 2q' 

where ^ ia the angle of the Bides of the bight. If the onble end is sufficiently free to slide on the 
bottom, q becomes infinite, and T = 2vh,0T t = vh. If the end of the bight were absolately fixed, 
the other limit of the strain wonld be obtained. With a cable having a weight of 1 ton a knot or 
a weight in water of about 0*001 ton, the following are the multipliers of the height h ; — 

With the slack g of » P^' ««». 

The strain T on the grapnel is ' 0142 
„ i „ cable is 0504 

A cable of 3} tons, paid out with 5 per cent, of slack, raised firom 150 fathoms, would give a 
stiain upon the grapnel of 3*5 x 150 x '0064 = 3'SC tons. 

A length of cable, hanging vertically in water, which it can itself support before breaking, is the 
measure or modulus of tenacity of the cable. In practice it is oonsiderod perfectly safe to lay tlie 
cable in a depth equal to one-third that giving the breaking strain. This allowance does not take into 
account aecidental increase by friction, or by the paying-out machinery, or from the pitching of the 
ship, nor does it provide for the greatly increased strain that will occur if it is required to pick up. 
It is not advisaole to lay the cable in a depth exceeding ^ of the modulus. Maximum of 
strength, with low specific gravity, are, for evident reasons, essential properties in a good cable. 
The strength of the cable depends upon the dimensions of the iron covering to a fur gpreater extent 
than upon the core, and the strength of the cable is probably not increased by usinp; a quantity of 
hemp, although trials with hemp-covered wire seem to prove, that the breaking stram of the cable 
may be considered equal to that of good hemp and iron combined. Increasing the quantity of 
hemp gives the cable lower specific gravity and larger volume, diminishing the strain during 
submersion, and causing the cable to bink slower by exposure to a greater resistance of water. 

A cable weighing v lb. a foot in water, and v^ lb. in air, will sink vertically in water with a 
velocity A, and this velocity will bo determined by v = cA' or o' = c' A*, c and c' are constants of 
the resistance of the water to displacement, and of the resistance of the water on the cable, which 
may amount to 80 lb. a knot. The velocity at which the cable will sink can be approximated, by 
supposing the vessel to move with uniform speed A\ tlirough a horizontal space A B in a unit of 
time, and that during this time the cable moves through the water punillel to its starting position 
a corresponding distance. The velocity of sinking will be represented by a line falling vertically 
from A upon the second parallel. Lot the angle that the cable mokes with the surface = ^. The 
resistance of the water at right angles to the cable is fur each foot = cdh* sin. 2 ^, where d is the 
diameter of the cable. If the speed of the ship is h\ the angle of immersion will be determined by 
A' t sin. ^. The angle of immersion is directly as the velocity of sinking and inversely as the 
velocity of the ship. Gables liave been paid out at a rate of ei<;ht knots an hour, but this high 
speed prevents the vessel from being quickly stopped in case of kinks or breaks, and five to six knots 
is a better speed. 

The strain i on the cable during submersion, where the cable enters the water, and when there 
is no tension on the cable at the bottom, is equal to the longitudinal component of the weight of 
the cable, diminished by the resistance ofibred by friction, and this strain has to be counterbaLmced by 
the brake on board ship. Let / be the depth of water in fathoms, p the weight in water of 1 foot 
of cable in lb., A the velocity with which the cable leaves the ship in feet a second, ^ angle of 
immersion, k coefficient of friction = * 007 diameter of cable. * 06 is the factor for reduction when 
fathoms and cwts. are used. 

The weight of the cable is v /, and the component along the cable v I sin. ^ = o/y = o/. The 

friction ou the cable is 



The strain t is therefore, 

< = 006 



sm. ^ 



A»(J-C08.^). 



A ^A.A»(A-oos.^ )\ 
^ \ sin. A / 



This strain, however, may be increaserl by the inertia of the pajring-out drum to 10 cwt., when 
the ship is rolling in heavy weather. When the ship remains stationary the strain t will be* equal 
to the weight of the cable hanging vertically from the ship to the bottom. Tliia maximum strain 
may be approximate where the cable is paid out without slack. The strain ou the cable is 
necessarily directly as the specific gravity of the cable, and in inverse ratio to the angle of immer- 
sion, so tliat by reducing tlie angle of immersion, or by giving the ship greater speed, the strain will 
increase, and the cable is liable to break ; but, on the other hand, by increasing the angle the strain 
is diminished within the limits of a proper amount of slack. Too much slack will cause kinks in 
the cable, besides being wasteful. The laying of the cable with strain is not for economy, but to 
overcome the resistance of the water against the sinking of the cable, and to lay it without tension 
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in tho bottom of the sea. The slack ia directly proportional to the amonnt with which the weight 
of the cable hanging yerticallv exceeds the brake force, and is inversely proportional to the square 
of the speed of the ship. If a. correct amount of slack is being paid out, the strain on tlie 
dynamometer increased by, say 1 cwt, should have no effect upon the number of revolutions of the 
paying-out drum ; but such rough rules are hardly to be depended upon. 

Electrical Testing, — This subject divides itself under two heads, factory testing, and the testing of a 
laid or suspended wire. The latter again includes testing periodioeilly, for the purpose of ascertaining 
whether the line maintains a normal condition, and testing to ascertain the position of a fault, when 
communication is partially or wholly interrupted. Factory tests are always the most exact and 
searching of all tests to wnich a line is subjected, for the reason that it is easy to repair a fault in 
the factory, whereas, in the constructed line, the repair might involve an outlay that would fonii no 
inconsiderable fraction of the whole cost. Suspended lines, when constructed of iron wire, are 
generally tested for strength before leaving the factory, and are only occasionally sampled to be put 
under t^t for conductivity. When the line wire is to be a compound wire, having a steel core 
covered with copper, every coil is tested for conductivity; and this is necessary, because the 
annealing of the copper strip forms a non-conductive coating, liable to absorb sulphur or gas, 
which again reduces the conductivity. Whatever may be the cause of the reduction of the 
conductivity of the copper strip, after its passage through the annealing furnace, this reduction is 
very marked, and it frequently occurs that where the furnace is defective, the strip Xoaea so much 
of its conductivity as to become unfit for use. Generally the metal becomes at the same time 
brittle. Some manufacturers rely upon a tensile test only, and omit the conductivity test for the 
copper strip, but this increases risk as the absorption bv heated copper of a very small percentage 
of arsenic or arsenical vapour, will reduce the conductivity of the metal 28 to 40 per cent. 
Compound wire is also generally tested in samples when tinned, and when ready to be sent from 
the works. 

The only other electrical test applied to materials for land lines is to the insulators. These are 
placed inverted in a shallow tank containing water, which reaches only to the rim of the cup of the 
insulator ; water is filled into the cup nearly to the rim, and the rim is dried by a gas flame, or, 
preferably, by a heated metel surface. One pole of a powerful bnttery is connected to the water in 
the tank, the other pole being attached to a galvanometer, usually of the reflecting class. A lead 
is taken from the galvanometer, and dipped by a workxnan into each inside of the cup uf the 
insulators in succession. 

The inspector watching the light on the galvanometer scale rejects tliose insulators that allow 
of the indication of a current Although other methods have been proposed for testing insulators, 
this original plan is only in use, and its manipulation requires but little skill, and is rapid. 

It frequently happens that the engineer, in the charge of a section of line, has to test a few 
insulators before these are put up to replace those that have become defective, and has not a 
powerful battery at his command. In that case the edges of the insulator are ctirefullv 
parafllned or oiled, and a condenser is arranged to be discharged through it in a certain time. If 
tiiere is no appreciable loss of charge in two minutes, the insulator may always bo passed us 
perfect. 

The testing of materials for underground and submarine lines is conducted with very much 
greater care than in the case of materials for land lines. From every bundle of copper wire a 
certain length is measured off, weighed, and its conductivity carefully ascertained. The conduc- 
tivity of copper wure is usually, in England and America, stated in terms of the conductivity of a 
standard wire weighing one grain a foot. 

In earlier underground and submarine lines 80 per cent, was adopted as a reasonable standard, 
but owing to the great improvement effected in the preparation of this metal for telegraphic use, 
the stendard has oeen so much increased as to bring about the apparent anomaly of wires having 
a higher conductivity than, pure copper, or more than 100 per cent This arises from tho improve- 
ment effected npon the earlier standard adopted, and that it is more convenient to maintain that 
standard than to introduce a new one. Where a large quantity of wire has to be tested for con- 
ductivity, it is more convenient to construct a Wheatstme bridge, having a metre or yard of tiie wire 
of known conductivity in one of the arms, than to measure each aample of wire against a resistance 
coil. In all measuremente of this character it is necessary that the standard wire, or resistance coil, 
should be of copper to avoid temperature effects. It is aavante;;eous, also, to construct the parts of 
the bridge of unlacquered copper. On the Continent mercury is adopted as a standard, and as this 
metal is very easily obtained in a stete of purity, its use would have an advantage, if it were not 
for the Peltier or temperature effect, introduced by the metallic difference in the stands^ and tiio 
test wire. 

A rod of pure copper 1 m. length and* 1 sq. mm. in section weighs nearly 8*95 grammes ; ite 
resistonce is 1*01642 ohm, at 0° C., increasing or decreasing 0*388 per cent for end) degree of 
temperature. The resistance of a red of pure copper of one metre length, and weighing 1 gramme, 
is 0*14677 ohm, at 0^ C. The weight a knot of a telegraphic pure copper wire is 18,430, (/*, d 
being taken in decimals^ of an inch ; consequently the diameter of a pure copper wire weighing 

to lb. a knot ia 7*366 j^/w mils, or thousandths of an inch. The resistance of a knot of pure copper 

wire weighing w lb. is ohms, or Siemens units, at 75° F. 

to w 

After the copper wire is tested for conductivity, it usually has to be stranded, and sometimes 

the strand is covered with a wash of Chatterton's compound before being sent to the covering shop. 

It tends to prevent waste of material, if the strand is tested for conductivity Kfore it is covered, 

for the reason that in stranding wire, the single wires are liable to be elongated in the stranding 

machine, and although this elongation is usually more than compensated for in the unit length, 

by the extra wire of the helical lay, it occusionally happens, and especially with strands of 
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nnmeioiis wires, that, beoaiue of the elongatioD, the strand does not come np to the standard of 
the single wire. 

During the sabsequent stages of covering the wire with guttapercha or indiambber, or other 
insulating materials, constant and careful testa should be made as to resistance, and these tests 
eompared, after reduction to a uniform temperature, in order that any increase of resistance may be 
observed. One advantage of a careful reduction of all the resistance measurements, made with cable 
intended for a submarine line, is that when the cable is coiled on board ship, its temperature in 
the tanks may be easily ascertained firom its copper resistance, and increase of temperature, that 
would deteriorate the insulator, be provided for. To correct the resistance of any wire for tempera- 
ture, where t is the lower and f the hi^er temperature, B the redstance at the temperature <, and 
B' the resistance of the temperature f, B' = (1 + (f — <) a) B, for degrees 0. ; where a is a constant 
depending upon the metal, usually 0*288 for cof^r. 

The resistanee of a knot of copper wire at 75^ F. multiplied by 0*5214 will give a resistance 
of a kilometre of the same wire at a temperature of 15° G. ; and conversely the resistance of the 
kilometre of copper wire at a temperature of 15° 0. multiplied by 1*9176, will give the resistance 
of a knot of the same wire at 75° F. 

In measuring the conductivity of a core, as a covered wire ia termed in a fiictory, it 
frranently happens that the measurements made with the zinc current and with the copper current 
differ slightly. Where the difference is small and W is the reading with the positive current, and 
w the reading with the negative current, flowing towards the branches of the bridge a and b, the 

true resistance r, will be r = - . ^i-^ — • 

a 2 

If the difference is greater, which should not occur with a perfect core, the true resistance is 

a\ 2 2 r v>+W+a 

Although in testing a core, the increase of resistance of the conductor is generally regarded as 
indicating that some stnin has occurred, before the conductor has been stranded or covered, it is not 
to be assumed that decrease of resistance is not an indication of deterioration in the core. A very 
minute fault in the insulating covering will cause the copper resistance, as measured on the bridge 
when aa earth conductor is lued, to appear to be less than the true resistance. 

In the fiictory, besides the measure of the conductivity of copper for core work, part of the 
business is the measurement of resistance of coils of nlk-covered wire, that are intended to be used 
in resistance coils, or for electiro-magnets. As the coils in a resistance box are always double 
wound, there is no liability to error in their measurement in the ordinary manner ; but when the 
resistance of a coil of wire, wound as an electro-magnet, is to be ascertained, considerable error is 
sometimes caused by the neglect to observe that the coil, when it becomes a magnet, under the 
influence of the pleasuring current, has an effect upon the needle of the galvanometer. An error is 
veiy often intnxiuced at idations, by the neglect of observing this effect when measuring the 
resistance of the coil of a relay, for as it is un^visable to remove the iron cores from the magnets, 
the extra current discharge, upon brealdng cirouit in the bridge, is sufiScient to demagnetize the 
galvanometer needle, or, if not to comfMetely demagnetize it, snfiScient to cause appreciable 
alteration of its ma^etic moment. Coils of this character should always be short cirouited with a 
thick piece of wire, before and whUst the circuit is broken. This discharge should also receive 
careful attention, in measuring copper resistance by deflection on land wires through the relay, as 
the extra current on the breaking of the cirouit, is liable to spring from one convolution to another 
in the flue wire of the reflecting galvanometer. • 

It is frequenUy advantageous to be able to calculate the length, and therefrom the resistance of 

wire coiled on a cironlar bobbin. The length is L = j-^ (A* — a*), where d is the diameter of the 

wire, including the silk covering, h the length of the bobbin less the thickness of the cheeks, A the 
outer diameter, and a the inner diameter of the bobbin. 

Copper resistances of ordinary lines are usually measured on the bridge, but on long cables 
subject to earth currents, bridge measurements are very dif&cult to manage, and require the operator* 
to have some experience of the strength of the earth currents and the line he is testing, in order 
that his test may be accurate. Many very exact and complicated methods have been proposed for 
eliminating the effect of the electro-motive force of the earth currents, but as this electro-motive 
force is variable, the better plan is to include its variations in a series of measurements, and to take 
the mean of a series in which the electro-motive force is opposed to the constant one of the battery. 
This method was first introduced by W. Thomson, and consists practically in observing every 
half minute, for say half an hour, the deflections obtained on a galvanometer from the current of a 
constant battery, when passed through the cable conductor, the dbtant end of the cable being to 
earth. The battery pole is reversed and the observations repeated at the same intervals for an 
equal length of time.* A resistance coil of somewhat similar resistance is then substituted for the 
cable conductor, and a deflection observed with a positive and with a negative current, this serving 
as the proportionate standard for the reduction obtained with the cable. 

More accurate than to take the arithmetical mean of the cable observations is to employ the 
following formula, which gives the true or geometric mean, when the positive or negative currents 
yield different results. If B be the resistance for the use of one pole of the battery, and r the 
resistance observed with the other, in each of the two corresponding measurements, the true resist- 

ance is = 2 ^ . It has been proposed to use the cable, when strongly affected with earth 

B -+• r 

currents, as a battery, and to measure its internal resistance by the method proposed by C. Maxwell, 

but storms of earth currents are rarely of so long duration, in sufficient intensity, as to render tiiis 

2 N 
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I 



expedient neoeseary. The delicacy of the operation is likely to introdnoe greater enot than thai * 

ariBin^ with the direct method just describea. 

Whether meosnring copper redBtanoo of core or cable, the effect of inductiye charge and dia- 
charge tipon the galvanomfcter needle must be carefully avoided, and the galvanmneter dreoit 
should always remain short cironited for a few instants after the battery circuity and should be 
that first closed. 

The testing of core and cable includes two other measurements besides that of copper resistaDoe. 
These are to ascertain the insulation resistance, and the inductive capacity. Insulation renstanoe 
is the resistance offered by the insulating material, or dielectric, to the escape of current from the 
conductor, and its measurement is effected, in the factory, by placing the core or cable under water. 
One of the ends of the core is carefullv insulated by being raised about 2 yards out of the water. 
This end is cut ; about 1 in. of the end of the conductor is laid bare and the dielectric tapered 
down. The cut part of the diolectrio and the bared conductor are then paraffined, a^ the end 
carefully suspended, generally on an indiarubber band, to keep the conductor from any surrounding 
earth connection. The coils for testing in the factory are thus prepared by the tank men, and when 
the electrician takes them under test, the remaining end is connected to a well insulated lead from 
the testing room. These leads are connected to a galvanometer, which is also connected to one 
pole of a powerful batteiy, and the other pole put to earth. The galvanometer being short 
circuited, the battery circuit is established, and, at the end of half a minute, the short ciroait is 
removed from the galvanometer, and the deflection, when steady, read off. The deflection 
gradually decreases, and readings are taken at the end of every minute, for a period of five or seven 
minutes. The galvanometer is then short cironited, the battery poles reversed, and the operation 
repeated. The operator ascertains what is the deflection obtaiaed with the same battery when a 
known resistance of a million ohms is substituted for the ooil ; the resistance of the insulation in 
megohms or millions of olmis is then calculated from the following formuJa, 



(^'> 



where / is the length in knots, d the deflection with the battery and known resistance of B 
millions units, and (f the deflection with the cores, ^ being the galvanometer and 9 shunt resistance; 

(R / Oli I d) is termed the constant of the galvanometer, and is usually ascertained by eadi 

operator when he comes on duty for the day. 

In making measurements of this constant, the battery should not be allowed to be too lone in 
circuit with the standard coils, because the intense current canses them to become heated, to iSter 
in resistance, and the measurement to be inaccurate. 

The deflection has been stated to decrease during the five or seven minutes' test ; this decreaso 
of deflection is due to the phenomenon of electrification or electric absorption, in which the 
dielectric seems to soak up the electric current Theories have been brought forward in explanation 
of this phenomenon, but whatever its cause, it affords the telegraph engineer early indication of a 
minute mult, otherwise unobsorvable. Should the readings of the msulation resistance between the 
first and second minutes not show the usual difference, the coil should always be reserved for future 
independent testing, as it is almost certain that there is a minute fault. This fault may be broken 
down bv rapid reversals of the current from a jpowerfol battery continued for some hours, preferabW 
when the ooil is immersed in water at 75^ F. ; or it may be tested for with an electrometer. A 
comparison thus made with guttapercha cores, between the first and second minute reading, will 
give as valuable an indication of the state of the core as the actual measured lesistanoe, which i» 
only resistance at the particular instant of measurement 

As there are usually several operators working at one time in the testing room, it is necessary 
to arrange the instruments so that the magnetism of one does not affect that of the other, and 
especially so that the charge of one lead shall not cause an induced current in the adjacent leads. 
To prevent this latter interference, the leads are placed in zinc pipes, and these pipes are main- 
tained in good connection with the earth. The testing room should be situate as far as possible 
from any moving machinery, as well as from the proximity of large masses of iron, such as tiie 
tanks. 

When the ooil is so short as to render its insulation resistance sufficient to reduce the deflection 
on the galvanometer scale to 20 degrees, the measurement should be by loss of charge. The coil 
should be charged, then discharged immediately, then charged again, and discharged after i 
seconds, the capacity S being ascertained in microfarads by the method to be presently described. 
The insulation resistance I in megohms may be ascertained from the following formula, where G if 

the immediate discharge, and c that observed after t seconds I =0*4843 — ;— ^ . 

Blog.^ 
c 

The insulation resistance of a condenser is usually measured in this way, and the principle is 
that leakage of a certain amount of current from a condenser, whether in the form of plates or core, 
in a given time, alwin^s proceeds logarithmically or at compound interest rate. 

Line Testing and Testing for Faults, — ^Line testing is usually, even on the chief cables, considered 
of small moment, and is too often conducted in a perAmctory manner. That a telegraph line should 
be frequently and accurately tested is essential, not alone because this course may prevent totsl 
interruption, liut that when a fault occurs the location ma^ be stated with greater certainty. With 
a properly arrangeil testing board, the te^ts for conductivity and insulation are very quickly and 
easily made iti the manner described in the preceding section. 
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In line testing there may be distin^ished the measored oiienit resistance, inolnding instniments 
G, the measnred condootor resistance H, and the measnred insulation resistance I. L. Sohwendler 
haa pointed out that all the faults in a line resolTe themseWes into a resultant fault, and that if L 
is the true conduction resistance of whole line, t the true insulation resistance, and / the true 
conduction resistance up to the resultant fault, r the true resistance of receiving instrument at 
distant station, 

-r should be podtiTe and less than unity. While / = -5-, i z= »J\ (I — c) , L = 2 (I — Q »' ftDd 

\^^ should be equal to r. 

If the line is n miles in length, the insulation for a single mile is n 1. And if m is the reduced 

leneth of the line in terms of the standard wire, the conductor resistance will be - a mOe. 

For the testing of a faulty line to localize a fault, a well-known system is that introduced by 
Blavier. Measurements are made with the end of the line to earth at the distant station, w ; 
with the end of the line insulated at the distant station, I ; and the t rue conductor resi stance of the 

line must be known, L. The distance of the fault is then x = to — V (I ~ <^) Cl< ~ ^)* Schwendler 
gives a similar formula, where C is the measured circuit resistance, dupensing with L, 

, = i-v/C^-c)(i-")'-. 

C — w 

being the resistance of the receiving instrument at the distant station. 

The latter formula is the more practical. This test is applicable in the case where a second 
line is not available. If a second and perfect line is to be obtained, the test known as the loop-test 
is preferable, as it eliminates to a certain extent the error arising from the resistance of. the 
fault 

Every fault has resistance. If the line wire break and fall on the ground, the place of contact, 
unless very wet, will give considerable resistance ; and even with a submarine conductor exposed 
under water, the surface is insufficient to afford what is technically known as a dead earth, or earth 
without resistance. 

In the following formula for the loop-test, the accentuation of the letters gives the observed 
resistances in corresponding tests, a, 6, are bridge branches ; to" measured resi^nce with second 

line looped, vf without observed xesistanoe. The resistance to fault » = . a o w 



w" - ^D* 



a"(a' + 6') 



Whena = 6,« = 

In measuring the distance of a fault on a cable, the problem becomes difficult* on account of the 
contrary electro-motive force set up by the sheathing and the copper conductor, the polarization of 
the broken end by the testing battery, the presence of earth currents, and the absence of a second 
wire. The following formula, ^bich furnishes indications of the data required, is that arrived at 
after long experience by several cable electricians, and is reliable always where concordant 
measurements are obtained. The methods of making each measurement mnst be determined by 
the apparatus at the electrician's disposal, but the observations can generally be made by any of 
the methods previously described. 

Let X be the true resistance to the break; B the measnred resistance of cable and break ; k the 
capacity corresponding to a unit of conductor resistance, or total capacity divided by totot resistance 
when fault free ; / resistance of battery ; g of galvanometer ; d the discbarge deflection from cable ; 
D from condenser of 1 unit capacity. 

« = R - V^B« - J^c + B)(/ +B). 

If the resistance of the break were nil, two-thirds of the charge would return to the charging 
end, but the occurrence \a improbable. In the capacity test there will nearly always be a 
permanent deflection, /?, and if the discharge reading d is in the sam e direct ion as the permanent 
deflection, the true discharge = V<^ - 2 dp ; if in the opposite = ^JdP -\-2dp. 

In land line working, contacts between two lines are very troublesome to locate. Location 
is generally effected in practice by instructing each station on the line, successively, to disconnect 
for insulation until the contact is noticed, when it must lie between the station last insulated and 
the next. Or with contacts between two lines where this practical system cannot be adopted, the 
resistance is measured with the two ends joined, to' ; and with the distant ends insulated, to". 

Then 

_ to' - V L' -f L" - w' (to" -10O 
* - m' +m" ' 

where L' and L" are the total, and m* and m" the mile resistance of the two wires in con- 
tact. 

If a third wire on the same route is available, one of the wires la contact can be put to earth, 
and the contact loctilized as an earth by the loop- test. 

2 N 2 
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If the wire remainB insulated at the distant end, the relation of the measitxed to the true 
insulation resistance of the line will afford an approximation to the looaliW of the break. If the 
wire is a cable conductor* and the end becomes sealed by the pressure of a fiilling body or other- 
wise, the measured capacity will giye the position of the break, but the test is unreliable. 

Speed of Transmission. — The speed upon a land line of suspended wires is practically limited 
only by the condition of its insulations. On any line, submarine or overland, the speed is inveiKly 
proportional to the product of conductor resistance into the electrostatic capacity. But in a sus- 
pended wire the capacity is scarcely appreciable, and the loss of current is more marked. For 
comparison the following formula will give an approximation to the capacity, in microfarads for 

a length of / miles of an overland line, S = ^rj~-z — - where d is the diameter of the wire, imd 

24 log. 4 A 

T 
h is the height above ground. By the use of a receiver, in which a strip of paper chemically 
prepared is employed as record, W. Thomson has seen 1200 words a minute received over 800 miles 
of actual line. 

Owing to the large capacity of subterranean and submarine wires, the speed is incomparable 
with that of land lines. L. Clark and B. Sabine give the speed of signalling with the mirror 

a 
instrument, in words a minute, as n = -7—7 , where a is a constant = 130,000,000 for guttaperehs 

n C t 

cables, and 176,000,000 for Hooper's cables. 

Speed is inversely as the square of the length, since both resistance and capacity have effect 
upon speed, and involve length in each case. The speed of the Morse recorder is about one- 
fifteenth that of Thomson's mirror, but the practical limit of Morse working is 300 miles of ordi- 
nary cable. In Morse working a dot, apart firom cable effect, takes '27 second at fifteen words a 
minute. 

Expedients have been adopted, described under the head of duplex telegraphy, for increc^'ng 
speed by neutralizing the discharge of the wires, but these cannot affect Uie speed in the wire 
itself. With a line or cable slightly faulty in insulation, artificial leakages apparently increase tiie 
speed, by reducing the discharges, but the speed of transmission through the cable itself is reduced 
onl/ in amount as much as the joint circuit of derivation through the fault reduces the total line 
resistance. 

Miscellaneous Datdfor Telegraph Testing, —In connection with the escape of electricity, across an 

insulating sheathing, are certain forms of integration from which the ordinary working formula 

are deduced. If (f x = thickness of differential cylinder at distance x from longitudinal axis of 

d X 
cable, its resistance will be (f r = - — j— , and the whole resistance of the length / will be 

, B 



1 r^£f_ 

TlKJr X " 



r 



2irlK 



\ being the specific conductivity. Belated to this is the expression for the resistance to the flow of 
electricity, from a central electrode of radius p to the periphery of a regular polygon of n sides. 



— - (log. \, 



2t 

r being the radius of the inscribed circle, 8 the thickness of the plate. 

Although insulation resistance is usually specified in megohms a knot, a mile, at a temperature 
of 15° F., or 24^ 0., some electricians prefer to specify a limit to the percentage loss of current. 
The loss of current is estimated in the following manner, k is the total conductor zeeiBtmce, 
g total insulating resistance, S current sent, and B current received. 



e V- + tf - y/- 

The result is independent of the length of the cable, and only dependent on the ratio of the total 
resistance of conductor and dielectric The percentage of loss is 100 (1 — B). 

The capacity of a cable or subterranean wire is usually compared with that of a condenser whose 
measure in microfarads is known. Comparison is made by insulating the distant end of the cable, 
which is connected to, say, the fulcrum of a common contact key. A battery of a few elements is 
connected to, say, the back contact of the key, and the other pole of the battery is put to earth. 
To the front contact of the key is connected one of the terminals of a galvanometer, and the other is 
put to earth. Whilst the key is at rest on the back contact, the cable is being charged, its outer 
coating, or the water in which it is immersed, acting as the earth-armature of the condenser. When 
the key is depressed upon the front contact, the cable is discharged, and the galvanometer needle is 
momentarily deflected. The throw of the needle measures the capacity of Uie cable, for which a 
condenser of known capacity is substituted, the throw with this condenser and that with the cable 
being taken as proportional. 

When a cable or coQ has its distant end insulated, practically all the charge will return to the 
charging end. When a cable insulated at both ends is charged by a battery, the potential of the 
charge will be the same at all points of its length, and if the two ends are put simultaneously to 
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earth, the charges flowing ont of them will he equal ; and as the flow is from the ftdddle point of 
the cable towaras the ends, this point will keep its potential a maximum above all other points in 
the cable length. But with a cable charged with one end to earth, the ourre of the &I1 of potential 
will be a parabola, two-thirds of the charge returning to the charging end. 

- When a cable whose farther end is to earth, is charged by a cattery whose resistance is small 
compared with the resistanoe of the cable, the charge it will take will be directly proportional to 
its leneth. If the resistance of the battery is large compared with that of the conductor, the charge 
the ^ible will take will be directly proportional to the square of its .length. When two or more 
cables wboae fiurther ends are to earth, are charged so that the strengths of the current flowing 
through them are the same, the charges will be directly proportional to the sqiuire of the 
lengths. 

In the case of a wire eccentrically placed, the electrostatic capacity is 






where I is the roeoific induotlTe capacity, B the inner radius of the conducting sheath, B* radius 
of wire, of which B must be a considerable multiple, / the distance between the axes of B* and B. 

When the wire is concentric, the expressicm resumes the form p previously giyen for the 

21og.iL 
^ B» 

capacity. In the comparison of two condensers required for standards, where accuracy is essential, 
correction is sometimes made fur the friction of the air against the needle during the throw : but 
the correction is inappreciable in galvanometers of ordinary working construction. 

The Thomson galvanometer is sometimes, in order to magnify the readings, removed to several 
times its usual disiEuice from the scale. As the scale is straight, and is tangent to the arc of throw 
of the beam of light from the galvanometer, a correction is made use of, and and c being the 
capacities, D and d the deflections, and z distance of mirror from scale measured in divisions of 
theBcaXCf 



: c :: d( v*« + d« - «) : d ( v*' -t- d* - «). 



Where the compared deflections on a galvanometer are widely difierent, so that the current 
strength in one case would cause the deflection to exceed the limit of reading, whilst in the 
other within that limit, it is usual to shunt off some portion of the current passing through the 
instrument, by connecting a wire or coil of required resistance between the terminals of tlie 

galvanometer. To reduce the current flowing through a galvanometer to its -th part, a shunt 

fi 

must be inserted, the resistance of which is rth part of g. As has been before explained, 

the introduction of a resistance in parallel circuit with another resistance reduces the total 
resistance of the circuit. For this reason, to maintain the total resistance constant, and the 
flow of current the same as before- the introduction of a shunt, a compensating resistance 

must be put into the circiut whose value will be g or — - — where « is the shunt resistance. 

The use of this resistance is disfpensed with in measurement of insulation resistance and electro* 
static capacity, because the resistances in circuit are very large, compared with the resistance that 
it would be necessary to introduce. 

In practice some slight error is avoided by selecting the shunt resistance so that the deflections 
to be compared are nearly, if not identical. 

Instead of Uidng the ihuni when comparing capacities, the battery pole, connected in the direct 
method to the key, is put to earth through a resistance. The reuistance is so arranged that contact 
mi^ be made at any part of its electrical length. The points of contact are so chosen thut the 
deflections with the capacities to be compared, coincide. The* potentials at the two points are then 
ascertained, and the capacities are inversely as the potentials. To find the potentifds at any puiut 
of a conducting series, suppose M N the conductor length, and X an intermediate point I«t m 
and n be given potentials at M and N, and a: the potential at X. If r be the resistance between M 

and X, Tj between X and N, and B between M and N = r + r^ then x = -^ — ^ . This is the 

principle of W. Thomson's slide resistance and L. Clark's slide potentometer. 

Small capacities are difficult to measure, and can be satisfactorily treated only with a vibrating 
contact which, by maintaining the deflection constant, enables it more easily to be read. The 
contact is made to vibrate by clockwork, or a modification of Lacour's phonic wheel, would, it 
may be suggested, yield good results. The measurements of this description are, however, more 
fitted for the laboratory than the testing room. 

The only other measurement occurring in the testing room is of the specific resistance of the 
insulating material. It is necessary for the electrician in charge of the core factory to know the 
electrical qualities of the material in stock, in order that he may instruct as to the proportions of 
each quality to be used. It would appear easy to test, say, guttaperclia in a small sheet of uniform 
thickness, out the delicacy of the apparatus required has undoubtedly been the hindrance to the 
introduction of sucii a test ; it is usual to cover a short length of wire us a sample and to te&t this 
sample as a coil of core. 
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From the length of a sample it is frequentW DeoeBBary to estimate the weights in a knot of 
cable. For this Uie following constants are nseml ;— 

Grammes a yard multipled by 4*47317 = lb. a knot 

foot „ 13-41951 = „ 

Grains a foot „ 0*8696 = 



Oz., avoirdupois, „ 380 

Grammes a metre „ 4*089 



» 



„ yard „ 5*146 = grains a foot. 

„ metre „ 4*7038 = „ 

14*115 = „ yard. 



» » »» 



Eiectrical Units, — ^Units of Resistanoe. — In order to compare different resistances, a standard of 
measurement is required, which is called the nnit of resistance, Unfortunately, physicists have 
not yet been able to agree amons themselyes upon a oonmion stimdard. Some of them have made 
use of a very thin copper wire of a certain length and sectional aroa, others have'prefeized to make 
use of wires of gold, silver, or alloys of different metals. The following are some of the princapal 
units; — 

Wbeatstone's Unit — ^Wheatstone constructed, in 1840, the first instrument by means of which 
definite multiples of a resistance unit could be added to, or subtracted from, a given circoit at 
pleasure. The standard resistance unit was that of 1 ft copper wire weighing 100 gis. 

Jacobi's Unit — Professor Jacob!, of St. Petersburg, lu&s suggested various units of electrical 
resistance. The unit commonly known as Jacobi's was 25 ft of a certain copper wire^ weighing 
345 grains. 

Siemens' Mercury Unit. — This nnit represents, according to the definition of W. Siemens, the 
resistanoe of a prism of pure mercury 1 m. long and 1 sq. mm. section, at a temperature (P centi- 
grade. This unit was flist produced m 1860, and resistance coils of Gennan silver wire were copied 
from it 

* French and Swiss Units. — In the telegraph administrations of Fiance and Switzerland, the unit 
of the resistance coils in use prior to 1867} was equivalent to the resistance of 1 kilom. of the iron wire 
employed £Dr telegraph lines of 4 mm. diameter. As no exact measurements of overhead lines are 
required, these units were neither defined nor produced with accuracy, and no standard of tempera- 
ture was given to enable the units to be reproduced when desirable. In 1867 these units were 
readjusted to equal ten Siemens units, which is neerl;^ their original value. In Frendi submarine 
cable work resistance coils adjusted to the Siemens units are emploved. 

Mattbiessen's Unit. — This unit was defined as the resistance of a statute mile of pure annealed 
copper wire ^ in. in diameter, at 15^ G. 

Varley's Unit — This was formerly much used in England. It was originally constructed from a 
statute mile of sptoial copper wire ^^ in. in diameter, but Yarley afterwards readjusted it to twenty- 
five Siemens units. 

Gennan Mile Unit. — The first unit of measurement used in the Prussian telegraph service was 
that of a German mile, 8238 yds., of copper wire, of diameter of ^ in., and its t^perature 20^ C. 
Beeistances adjusted to this unit were manufactured as early as 1848, but these have since been 
superseded by coils adjusted to the mercury unit 

American Mile Unit — The resistance coils used in the United States prior to 1867, employed as 
a unit a resistance equal to that of one statute mile of No. 9 iron wire. These were prepared at the 
suggestion of M. Lenerts, then engineer of the American Telegraph Company, by G. M. Phelps as 
early as 1862. The coils were of No. 36 iron wire^ and arrang^ in sets of decimal numbers, so that 
the resistance could be read off directly without calculation. These have been superseded by the 
British Association unit 

The British Association Unit — This unit was proposed in 1862 by Weber, and afterwards 
determined with great care by a committee of the British Association, in acoordance with the 

suggestions of W. Thomson. This unit is defined as equal to 10,000,000 — '- According to the most 

sec. 

trustworthy determinations, it is equal to 1*0486 Siemens mercury units. 

Although all these units have been employed, only two of them, the British Association unit 
and the Siemens unit, are now in use for telegraph measurements. The two units do not, in fact, 
differ very materially from each other, and in point of actual convenience there is little or no 
choice. Practically, the British Association unit or ohm may be said to be the recognized simdard 
in use in England and America. 

The resistance of a portion of the circuit, or of the entire circuit expressed by a certain length 
of a standard wire, is termed its reduced resistance, and the corresponding length of standard wire 
is termed its reduced length. 

Besides the unit of electrical resistance, there are units required to measure potential, current- 
quantity, and capacity for electrostatic charge. In practice, the unit of electro-motive force is, in 
England and America, generally that of a Daniell's element, but, on the Continent and in America, 
where high potentials are to be measured, the Bunsen element is taken as unit. A Daniell cell is 
stated to be cquul to 1*079 volts, the volt being the unit adopted for electro-motive force by the 
British Association Committee. The deductions made by this Committee were from a purely 
theoretical conception of electrical motive force, and were obtained from the current induced by 
the earth's magnetism in a revolving coil of wire of certain dimensions. In practice, although the 
unit volt uf potential is use<l, measurements are referred to the Dauiell cell, the volt value being 
reduced therefrom by calcuhttion. The volt is equal to lO' metre gramme second units of work. 

E« 
The rate of doing work for a galvanic clement i» p- = 10' m. g. s. units for 1 volt through 1 ohm, 
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or I Tolt-olim Dm tAp gnmine of liiio and 10' nbaoliite m. g. b. Dnite of vork a Beoond. I volt* 
ohm ii equally 44' 21 foot-ponDda a minnte,OT 1 HP. ii T46 valt-cAma, aail is equivuleDt to the oou- 
mmpticai oT^Mf grammee of ejdd a second in a Daniel I'l oell. 

The unit of quantity of enrreut ia that carried by one Tolt of elaotTo-motive force tbrongh oi 



. _ second, and is termed the ifeber. A weber U 10 metre grammo second 

nnib ot work. The work done in a oironit of roaislance r ohma in I eecond by a euiT,nt of C webers 
is W = 101 '92 C r i gnimmetres: and the h««t developed in a circuit ia H =r. 0-24115 C r i calorieg, 
woh nlorie being the quantity of heat required to raise 1 gramme of vater 1 degree contignide. 
Ooeweber of electrioity decomposes -00142 grain of waler a seoond: and the weight of metal 
deposited from the Bolation of any of its sallB% a current of webers in J seconds is n — 00001 
C 1 gramme*, where a is the alomic weight Of the meta! as referred to hydrogen. This formula 
'' lued in the deduction of current strength frora an cleotrolytio bath inserted in tlie 



For capacity the miit adopted ia, in practioe.a microfaiad, mcnaured from a standard condenser. 
A fsifad is equal to 10 metre second nuits, and a microfarad is the millionth of a fanul. A 
micro&rad ia, roughly, abont equal to the capacity of une-tbird of a knot of tlie Atlantic cables. 

El«cirieal Iiutnimmls.— The Thomson galTaDomcter, Fif. 112S, is made in a Toricty of forma. 
The form most in um conaista of a bsM of a roimd plate of ebonite, provided witb throe leTclling 
■eiBwa; two qnrit levola, at right angtee, are fixed oo the lop of this plate, so that the whole 
iostrament can be accurately levelled. Bometimus one circular level 
only is pruvided, bat the double level ia much tbo beat arrangemoDt. 
Frran the taae rise two braai oolnmna. and between them a brass 
plate is fixed, ronnded off at the top and bottom. Against the plate 
are fixed the coils, the ends of which are shown by dotted circles. 
The brass plate has aballow oouDteninka in its surface for the fscea of 
the coils to fit into, so that they can be put in tlieir correct places 
without trouble or danger of aDifting- Bonnd brass plates preai 
against the enter nrfaoea of the coils oy means of screws, and keep 
them firmly in place. There are two ronnd holes in the brass plate 
minoidiag with the centre holes in the coils. The coils. Fig. 1129, 
are four in uomber, and are wound on bobbins of brasi, the wire 
being coiled thicker towards the oheek of the bobbin wiiich beara 
against the btaaa plate. Tbia curving of the section of the coil is in 
•coordanoe with the law of W. Thomson, to obtain a maximum eflixit 
frmn a minimnm qnantity of wire. The edges of the coila ate 
covered with shellac, to protect the wire &om mechanical injury. 
Wittiin the hole* in the brass plate are placed two magneb ri 
and 3 », formed of watch apting highly magnetized, connected by 
ainminium wire, to form an astatic pair of needles. A groove is cut 
in the brass plate between the upper and lower hole, for the con- 
necting ainminium wire to hang freely in. In &ont of the top needle 
is fixed the mirror. The suspension fibre is attached at its upper 
■nd to a small stnd which can be raised or lowered as required. 
When pressed down aa far as it will go, the needles rest upon the 
oiuls, and the tension is taken off the fibre ; the instrument can 
then be moved about without dangerof breaking the fibre. One end 
of each coil is connected with one of the fonr bindinf; screws in 
front of (be base of the instrument, the other ends being connected 
to one another through the binding screws. The whole four ooils 
are in the circuit of the two outer binding screwii, so that they 
all act npon the ma^etic needles. By connecting the first Mndinj; 

•crew on the base with the third, and the second with the fourth, the coils will be coupled up so aa 
to reduce the resistance to one-fourth of the total resistance of hU the coila together. Over the coils 
A gloss shade is placed, from the middle of the top of which a brass rod rises. A short piece 
of brass tube slides over this rod with n weak steel magnet, slightly curved, fixed at right angles 
to it. This magnet can be alid op and down the rod, or twialed round for adjnstiuent of the 
mirror. For fine adjustments a tangent screw ia provided, which turns the brass rod round, and 
with it the msg^iet. 

The minor is sometime* made of a plano-convex lens, t« obtain a sharp image of the spot of 
lighten the scale. The width of this spot of light can be regulated, by menna of a braas slider 
fixed over the hole in the screen through which the beam emerges from the lamp. A much better 
arrangement than the spot of light is to make the hole through which the light emerges round, 
witb a piece of fine platinum wire stretched vorticnlly across its diameter. A lens is placed a 
little distance in front of this hole, between the scale and tbo galvanometer, so that a round spot 
of light with a thin black line across it is rollocted on the scale. This enables readings t« be 
, made with great esse, as the figures oa the scale can be more distinctly seen. The mirror in this 
arraneement may be a plane one. When the apot of light only is used, it is necessary to partly 
illuminate the scale witb a second lamp. 

Fig. 1 129 is a aeelional view of the coils, showing llie mirror M and the lower needle JT, removed 
in Fig. 1130. When thtse instruments are used for receiving communications through cables, 
they are placed in a box or curtained compartment, and the receiver calls off each word to a clerk, 
in attenibnce, who writes it down. The spot of li^lit wanders over the scale, following ever; 
change of oorrent, but tbo operators, by practice acquire the necessary skill to interpret the appa- 
rently iiTOgular motions. One dot will cause the light to almost cross the Bt»le, the second moves 
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piwidol with polo piccoB, which faco each other. The oonta 
movable core y, ana servra to opon and cloae the looat iHtc 
fonner being inaulntod. The a^juatiiig mrew g Kgaitdea the te 
D are the local conn^cCiona. 

The form, Fi'k. 113n, ia kuown lu the Americftn reltT, andii the simplest in principle, beiDKBD 
annature b beid bock bj a spring /, and attracted bj the m^petlsm generated bj the puaage of 



BHD t ii rigidly attached to the 
at the contact screw* k k'. tli« 
o of the lelaj spring /. C and 




DO' 




c th« rest stop; y it an 



the oorrants in 

adjusting screw ; L' and L" i .,...._ 

Biemens'poliuizad relaj is in general dm, and is regarded as an im^rorBmont on the radinaty 
Hone relaj, parlioQiarly aa it does not require any adjustable snnng as a retractile fone. 
Fig. 1136 is a plan view of this instrument, and Fig. 1137 the Terticsi section throng the oentro. 
The relaj oonMsts of a steel magnet NS, bent to a right angle, on whcae leg N the soil inni 




>', and the w 



i coils or helices m 



of t)ie other leg B ia a small soft-ir 
borizonleJl; on its pivot B. The n^ 
oue side, and b; the acato stud jy oi 
attached, apoo which the coi 
"-" "" when placed i 



I', of a 



elBctro-magnet are fixed. At the extreme end 



n bar c if, which operates ss a rela; lever and armature, turning 
otion of tliis annatura is limited hj the metallic screw D on the 
n tlio other. On the teg of this magDut the iron coils n a' are 
uo wonnd. The south pole B polarizes the tongne cc'. 
it with the pole of a magnet, becomes iUelf magnetized, and 
takes tha same polarit<r aa the pole with which it is oonneclud, so that the upper ends n n' of the 
{ton core, sbuiding on the north pole n, form permanent north poioa, and for the same reason the 
extreme end c' of the amalure o o', which at 8 stands on a south pole, is permanonii; a south pole. 
Therefore, the armature will bo attracted equallv by north pels n and n', but if it be brought 
nearer to one than the other it will be held there. If tbe attraction betweon n' and c'predomiiiBte^ 
the annatore lever will lie against the point D, and if the attiaotion is gioater betweon n' and c' it 
will rest on the ngale point D'. It is evident that tbe latlor poeition, where the local battery, 
which is put in between D and G, ia open, ooriesponda with the position of rout of tbo ordinary 
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Wbeo the key is closed at the remote station, and a line corrent is sent tlirough the ooils mm', 
one of the poles, n n', becomes oppositely polarized. Suppose that this current causes at n, a north 
pole, and at »', a south pole, then the north magnetism already at n is increased, but destroyed 
at»'. 

As the south magnetism at c is, however, unchanged, the attraction of n towards o' is pre- 
dominant, and the toE^e of the lever, cc\ strikes against the contact screw D, and cloees the local 
drouit. 

When the line current ceases the lever still remains in contact with screw D, as although 
the electro-magnetism from m m' disappears, the attraction between c and n continues predominant, 
on account of c' being nearer to n. 

The return of the armature, c c', to its former position . can only be effected by a reverse 
current, which is produced at the remote station by a pole-changine key, the south magnetism 
being induced at m, and north magnetism at m', by which the north magnetism already to-be 
found at K is decreaaed and strengthened at n', consequently the former attoetction between n and 
c' is destroyed, and the attraction between n* and c predominates. The tongue c </ thus again 
strikes against the insulating point D' and interrupts the local circuit, whose poles are connected 
with A and B. 

No adjustment of the armature lever is reouired after it has been properly placed by means of 
the regulating screw E, no matter which pole of the battery is to line, and thus the use of a spring 
as a retractile force is entirely dispensed with. 

The polarized relay can be very advantageously used for ordinary battery currents of one 
direction. For this purpose it is only required that the movable pole pieces n n', shall be placed 
at different distances from the polarized tongues c d. The piece, n', which corresponds to the rest 
or D' side, must be placed nearer to the tongue cc! than tbe piece n. In this case, as long as no 
current passes through m m', the attraction to the north pole, n', of the south polfurized tongue d 
increases; consequently the armature c' is constantly attracted by n', and remains against the 
insulated point D' interrupting the local circuit. When, however, a line current arrives of such 
a polarity as to form at m a north pole, and at m' a south pole, then the north magnetism already 
present at n is increased, and the south magnetism present at n' destroyed or replaced by south 
magnetism, so that the attraction of n and c' predominates, and accordingly the tongue c c' is drawn 
over to the opposite side, and doses the local circuit at D. With the br^ddog of the line current 
the magnetism at m and m' again ceases, but the north magnetism at n n', caused by the steel 
magnet N S, remains, and consequently the tongue at n should remain in the same position ; but 
as the space for motion between D and D' is verv small, only a slight change is made in the 
distance of the tongue from n and »', on account oi its movement towards n, and it has thus, as 
before, on account of its position, more attraction for n' than for n. As c' stands nearer to n' than 
to fi, the attraction of n' predominates, and the tongue is pulled back, interrupting the looed circuit 
until another line current closes it. 

The polarized relay is exceedingly sensitive on account of the absence of the retracting spring, 
the force of which the electro-magnet is not obliged to overcome, and also because the action of the 
poles n and n\ on the armature c c' is a double one, attracting and repelling at the same time. No 
adiustment is required to meet the varying strengths of the line current. To adjust the polarized 
relay, the pole pieces n and n' are placed at a convenient distance apart, and the screw B turned 
untU the tongue is brought as nearly as possible in the centre between the poles, so as to have 
equal room ibr adjustment on each side. The set screw, D, is adjusted so that the motion of the 
tongue or armature lever, shall be about one-twentieth of an inch between the insulated stud D and 
the contact point The adjusting screw £, is then turned, so that the armature, when no current 
is flowing, shall be slightly attracted by the pole n', bringing the tongue into contact with liie agate 
point ly. If, after the instrument is so adjusted, the armature lever remains permanently in 
contact with the circuit dosing point, D, when the distant station is sending, the screw E is 
turned to the right, so as to lessen the attraction of n and increase that of n\ if tliis produces no 
effect, dther n is placed farther from, or n' nearer to the tongue^ until the desired result is 
obtained. • 

Allen and Brown's relay, Fig. 1138, oonsifits of an electro-magnet A, of proper form and 
dimensions, suspended between permanent magnets, and free to move, when excited, to right or 
left, as far as the compensating springs which are attached to one end of its core will allow. 
These springs will only permit the electro-magnet to move to a point where the potential of the 
current and the tension of the springs balance each other ; and the electro-magnet will truthfully 
follow the pulsations of the received current in a natural manner. 

A contact arm is loosely pivoted on the top of this moving coil, and is termed a jockey armature, 
which, being light, and favourably placed, opposes only the friction caused by its weight to the 
free movement of the coil. A local circuit made through this jockey would be closed the moment 
the coil moved, and would remain closed as long as it continued to move in the same direction, 
but immediately a fall of potential took place, and the coil, through the action of the springs 
receded, however slightly, the local circuit would be broken. 

It is possible, with this relay, to obtain arbitrary characters, such as the Morse, on a rise or fall 
of potential, without bringing the cable current to zero. The weight of the '* jockey*' gives sufficient 
friction for contact purposes, the spiral spring of the centre pivot being seldom used. An increase 
of friction means so much more opposition to the free movement of the coil, and is detrimental pro- 
portionately. The local contact points, on each side of the jockey, may be either or both used, if a 
reverse current in the local cirouit be desirable. 

The local contact points must be adjusted so closely, that no motion of the jockey is vibible ; 
sufficient only to make or break the local circuit being necessary. The compensating spnngs should 
be adjusted rather stiffly so as to ensure the greatest amount of elasticity. 

The electro-magnet of whatever local instrument is used in direct communication with the 
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of oontact OD the jockejr. The iooaeie of thu rela; is doe to I 
k movitig zoto. Belajt geoenil]; id nae have fixed or dead n 

luatromeDls csunot be norked with reasonable speed throagli cable* over 300 miles which do 
oat allbid this quality of a aonag taro, Mid the anccMa of the niQuson minor and reoordor, and 




the AUau and Brown relay, is due to their containing this element On oables of 300 or 400 miles 
this jockey aimBtnre can be attached adfantageonsly to any exiatiDg initriunent, nioh as a Biemeot 
or other relay, Fig. 1139, and the speed increased. 

Wheatatone's automatic apfBiatiu, introduced in 1658, is oonaidered br electridani to be the 
most perfiict form of anlomatio telegra]^ brooght into practical nse. The appanhu inclode* 



pawing the |iaper between a metallic brush and a wheel : but in this oonstmction dust <»' fibres 
of the paper interfere with the contacts, and the edges of the perforation act upon the brush, to 
prevent It from touching the metal wheel, for a consideTable portion of the space allowed for 
oontact Altempta were made to obtain better results by lengthening the perforations of the 

Cper, and by Tunning the machine faster. In Wheatstonu's transmitter the contacts are made 
tween levers and studs, the paper being used ont^ to regulate the movements of this oontact 
piece. This plan gives much more nniform and certain contact than can be obtained between Iha 
brush or spring, and the revolvine wheel, besides aflarding great facility for tranimitting Uie com- 
pensating currents required at high speeds. 

The principlo in Wheatetone'a appar&tnH is tut. 

that the pMarized arm of the electro-magnet, 
which causes the marking disc to touch the 
paper, shall not have a tendency to leave the 
paper when the marking current ceases, bot 
to remain always in the position where lell 
by the last currcuL The transmitter is 
arranged to send a series of reversals, "- 




E, F^. 1140, actuated by clockwork, carries 
three pins ; that on the left beiug connected 
to line, and that on the right to earth. The 
centre pin is insulated, and can connect the 
ourred lever B with one or other of the 
battery levers Z C, controlled by the position 
of the rocking beeio. Beneath the beam i 
electrical ODnoection through the spiral spri: 
These levers cany two vertical needles, one of which, V, regulate the marking, the other, V, the 
spacing current. The lerera follow the movements of the rocking beam, and remain in contact 
with the pins in this beam bO long as the upward movement is unchecked; the needles atlsobed 
to this lever rise alternately nntil thty touch the paper ribbon. U there Is a hole in the ribhoo, 
the needle passes through, and the contact remains unbroken ; if the paper is tiobroken the moli<in 
' ' « needle aod that of the Icvui is stopped, and tho pin in the rocliiug ' - 



of the m 



too leven, A B 
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and the oirciiii is intemipted, Fl^. 1140 is of the appazatna in a podtion for sending a negatire 
cnnent ; the lower lever, G, touches the right-hand pin on the rocking beam, putting the oupper 
pole to earth ; the npper lever, Z, rests on the centre pin of the beam, and is in connection with 
the line over the lever B, the spiral springs, H H\ in the frame of the instrument, the lever A, 
and the left-hand pin. When the circuit is broken, the rising of the lever A is prevented by the 
paper, the vertical needle, Y', attached to it not meeting with a hole in the strip. The contact 
Detween the lever A and the left-hand pin is broken, and there is no current passing to line. 

From well-known inductive effects on the line, no more than 70 words a minute are attainable 
hj automatic tele^phs, based on the Bain's prinoiole of brush contact. By the use of alternating 
currents speed is increased, but is still considerably lower than the maximum attainable on a given 
line. The succession of currents of equal duration of opposite sig^ns, at equal intervals, will give 
perfectly distinct dots, at yery much nigher speed than the dots of alphabets can be produced. 
Wheatstone's transmitter produces the Morse signs by currents of equal duration, that is by a 
succession of dots, but as the intervals between the characters are necessarily unequal, the alphabet 
is more slowly produced than a series of equidistant dots. The speed of a succession of alphabet 
letters depends also on the distance between the letters; the greater the distance the slower the speed, 
because an additional element of variation iu the electrical condition of the wire and the magnetism 
of the receiver is introduced. Speed is generally limited more by defects in the formation of the 
letters than by the complete loss of dots or blurring of marks, and the defects are greatest where 
there is the most irregularity in the intervals between currents, as, for instance^ in the letters F 
and B in the Morse code, the Morse signals for which are , . 

It is necessary, therefore, to employ a system of compensating currents, to maintain uniformity 
in the condition of the line wire. This was effected at first by bridging over the break in Ihe 
circuit, which occurs when the pin is stopped by the paper, by a weak current passed through 
resiatance coils, the strength of the current being regulated by varying the resistance. 

Fig. 1141 is of a piece of the perforated strip. The perforations whidi regulate the contact- 
making portions of the transmitting apparatus are represented by the larger holes, while the centre 
row of holes serves for guiding the paper through the tmnsmitter. The slip is perforated for 
transmitting the letter B ; the upper row of holes is that which allows the positive or marking 
current to be sent, when the vertical pin, Y, of the transmitter, passes throng one of them ; the 
lower row of holes allows the negative current to be sent when 

the vertical pin, V', passes. Fig. 1142, is of the letter B as , "*^ 

received at high speed, on a line where the ori^nal system of 

intermittent currents is employed. In the case of the dot before 

the dash, the positive, then the negative, and finally a second 

positive, giving two positive and one negative currents, are sent 

to form the dot and commence the dash, so that twice as much 

|K)sitive as negative electricity is sent into the line, and the dot 1143. 

IS consequently much elongated, and has a tendency to blur into — — — 

the dash. In the case in which the dot follows the dash, the 4. 4. .4. 4. 

effect is reversed, the space increased, and the dot shortened or aL^^j^lL m 

lost Fig. 1143 is of the letter B as received when compensating * ^^^^ ** 

currents are used, and is perfect in form. The compensating 

currents are represented by the smaller signs. Before the commencement of the dot the line is 

charged negatively, instead of being clear, as in the original system, and prevents the elongation of 

the dot before the dash. In the case of the dot following the dash, tne positive compensating 

current is sent before the terminating current for the dash, so that the line is not too highly charged 

with negative current, as would be the case were no compensating current used. 

This instrument has given some very instructive results in the working of compound lines, part 
of which are of cable and part of overhead wires. It has been found that in circuits partly of over- 
ground wires, and partly of buried or submarine wires, that the position of the buried wire will 
affect the speed at which the two stations can receive from each other. If the buried portion is 
placed symmetrically with respect to the two stations, as when the land lines at each end of the 
cable are of equal length and resistance, the two stations will be able to receive equally well, but if 
the land lines on one side are much longer than the other, the rate at which the station situated at 
the end of the shorter land line will be able ta receive, will be less than that at which the station 
situated at the end of the longer line can receive from the other. This difference of speed is 
sometimes very considerable, and the difference is greater as the length and resistance of the land 
lines on each side of the cable are more unequal. The London and Amsterdam circuit consists of 
a suspended wire of 130 miles, then a cable of 120 miles connected to a suspended wire of 20 
miles. Amsterdam can signal to London at a rate higher than signals can be sent in the opposite 
direction, as nine to six. The rate of signalling to Amsterdam is increased by decreasing the 
resistance of the batteries, and by the insertion of a high resistance, as much as 5000 ohms, at 
Amsterdam, in the receiving circuit, to delay the discharge of the cable. In the case of the 
London-Dublin circuit, where the land lines are 266 and 10 miles respectively, and the cable 66, 
the addition of resistance at Dublin in the receiving circuit has no appreciable effect, because the 
length of land line on the English side is too great to permit the cable to be sufficiently charged. 
Here the speeds are 40 and 80 respectively. With Wheatstone's automatic telegraph the speed 
between London and Manchester or Liverpool is 120 words a minute, in some cases as many as four 
intermediate stations are introduced in the circuits devoted to press work, in which 1000 words are 
sent simultaneously to each station in twenty minutes, with regularity. 

The arrangement of circuit, Fig. 1144, is that in use in America, for automatic telegraphing on 
long circuits. A ia the transmitting, and B the receiving station. At the transmitting station two 
equal batteries, E and E,, are placed in the main circuit, with their like poles towards each other, 
and normally produce no effect on the line. When, however, the battery £1 is shunted by the 
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olosiDg bX tho trnnsmilter oT tho ahart circuit 1, 2, S, 4, tho cmrftit of the lattery E paa8«« o*er tbe 
line to the receiving ttatioo. When tho circuit or the trsnBmitteria broken, the flow to lioo ccHses : 
ttnd the retiun or atatio charge ia nenttalized bj the nuigDcto-elcotrio discharge of H, whidt ooniiata 
of BQ electro-magDot with ita armstnre perDiasentty in contact with the polea. The lecording 
instiTiment at the receiving Btstion ia ahanted with a aeries of helices H', arrsiiged on iron cores, 
the former being continnoua. Bud the latter divided into sectione, wliich may be connected oi dia- 
connected by the insertion or withdrawal of iron contact plaga, so m to iDcrease or diminish the 
length of tlie oore onder tbe single inductive action. In this way the duration of tho diacha^ 
from the helicee may be adjnHted lo correapond with that from tlie line. The discharge &nm the 
belices M' will be in the reverse direction to the primary current, and will neutralize uwt poHlan 




% 



ot the inductive diacharge tending to paas throngb tho recdving inatrument at B. This effect b 

increased by the adjnatable condenaeia C, which are arranged in connection with the reaistonces r, to 
that the time of the diacharge may be graduated to produce Uio beet effect. In very long dfcuiti 
it baaboen found adrantageoas to connect the mainline with tho earth, at one or more intermediate 
alations, includiog in this derived circuit an electro-magnetic coil of high resiEtanoe. In oironite of 
moderate leng(h,the battery Ii^' ia dispenaed with, and on odjualable rheostat is placed in tho wire 
3, BO that the current paaaing through M mav bo regulated to produce a proper eneoL 

With tbe UBUol Morse receiver, when the telegraphiat hears the signal for oonunenoiog a 
correspondence, he libersitcs the olocknnrk and draws the paper strip forward, but in case of 
absonoe or inattention the mesMLge oannot he received. To mtko the reooiding appotatua self- 
starting, several devices have been pcroposed. Sortaia employs on the last horizontal axis of the 
olockwork a wheel H, Fig. 1115, which geua into an endtess screw p, on a vertical axis. A thin 
splml spring, P, ia fixed, at ita nppei end, to tbia abaft, and at its lower end to a boriiontal arm n, 
which tuma npon the shaft A single projecting tooth, m, on the axis of the wheel M, turns a 
mtchet wheel G, upon an axis fixed in the side of the appaietua. This wheel carriee a bent wire 
and a counterpoise, t, at tbe extremity of an arm h, tending always to turn the ratchet and lift the 
bent wire away from the arm n. Tbia is prevented by a click E. held down upon the wheal by a 
spriog. On the click ia a pin d, which passes through a boie in the aide of the apparatus, and is so 
placed that the writing lever, when deflected half-way between ita highest and lowest points, will 
strike against the end. The force with which tbe wheel tends to tnm the endleH screw shaft ia 
balanced by the tension of the spiral spring P. Wlien the corrent ia received, the writing lever is 
dcfleoted, strikes tho pin d, raises the click, and allows the ratchet wheel to turn round with ila 
oonnterpoise, releasing the oateh, n, ftom tho wire i. As long as currents are being sent tho click 
is continually being atmck: out of gear. When the conente oeaae, the click keeps every tooth of 
the ratchet, which ia pushed forwtA by tbe tooth m, until the wire again blocks the way, and 
prevents tbe rotation of tbe caloh. The nae of tha apring F is lo allow the tooth m to clear tbe 
Ktcbet wheel, so as not to prevent ita release. 

The doable current key which ia naed for long circnits in England, India, ud other conntriea, 
Is BO arranged as to completely reverse the battery after each algniil ; that is, inatcad of tbe spaoea 
between tbe aignals being formed by merely breaking the circuit, a reverse current ia sent into 
the line, so that the battery when working is always connected to the line in one direction or the 
other. Fig. 1146 shows the arrangement of tho double current key naually employed in England. 
The line wire is attached to binding pout 3; the earth wire and one side of a polariied 
relay to 7, the other aide of the relay being connected to i. The positive pole of the battery 
is connected with the binding post C, and tbe negative pole with Z. LL' are two levers, inau- 
lated from each other, and moving upon the same falorum by presaing upon tho knob attached 
tn L'. ■i'" are two iuaulated springa connected with Z, and ("a" are two similar springs connected 
with 0. Wlien tbe knob of the key is depressed, a positive current is transmitted through the 
spring >' along the lever L' to butlou o, thence by switch S' and screw post 3 to line; and a 
negative current is sent through spring « along the lever L to button i;, thence by ewiloh 8" I 
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When tho knob of the Itej i« not depiCMod the leron L bthI U rest ' 

negUire cnrrent paasee from ^ring i'" to lover L', uid theme to bnlto- _ 

pwt 3 to line, and a podtive aorreat pMMa Fmn Bpiing ■" to lever L, button q, switch 8", tnd 
Bcrav post 7 to earth. Thns the line is alwaji charged either with a pooitive or nef^tive current, 
vbether the kej is raiaed or depreased. When the awiloh u turned to reoeiTe, the batter; is dis- 
ooaneeteii; the eum-Dt from the line enters at aorew post 3, 
pasBM to swiidh 6', bnttonp, screw post i, and tbance to the llM. 

relnj and ettrth. Wfaon the switch is tnmed to send, the 
line wire is disconnected from the reoeiring apparatna. and tbe 
raceivinK operator cannot stop tho aonder nntil the swileh is 
tnmed m>m send to reoeive. Somttimet a tell-tale galvano- 
meter is used, woand with two separate wires, one of tbem in 
the sending and the other in the reoeiTisg cinmit In sending, 
the receiving coil is switched out of oircnit, but the sending is 
aflected bj buth outgoing and incoming aignaU, and the broikg 
of the receiving stuliou are then readil; felt, and the sender's 
attention attracted. 

One of the moat ing<enioitB and largely tued (^ the typo- 
printing telegraphs is that of David Hughes. In this the 
■ynahrenona movements of tjpe wheels at two or more atations, 
alt) oombined with the poirer to press a strip of paper at eaoh 
station, mmnltaneonsij, against the types on the corresponding 
ports of the wheels, by the action of a single electric impulse. 

A clockwork at e*ch station toms, with a oontionoos and 
uniform motion, an axle, at the eitremit; of which the tjrpe 
wheel is supported. The ajmchronism is attained b; the aid 
of a vibrating spring aud anchor eaeapement. The lotatiou 
of the type wheel is transmitted to a vertical arbor, famished 
at its lower eitremitf with a hotilontol arm travelling over 
a oircnlar disc, in which is anaoged a scries of contact pins, 
in number corresponding with the types. Eaoh pin therefore 
represents a letter, and is raised when it is wished to telegraph 
this letter along the line. The borizontal arm, which ^vele 
ronod tho disc with a motion uniform with that of the type 

wheel, oomea in contact with the pin just at tho moment when the corresponding type is at tho 
lowest point, and closes an electric circuit, by which the paper Is lilted up against the type wheel, 
and tbe letter printed. 

The key-board used to elevate the oonloct pins. Fig. 1117, oonaiets of twenty-eight keys, 
alternately white and block, marked with the twen^-sii letters c^ the alphabet, a fmt stop, and a 
blank, corresponding to an empty spaoe in the 

type wheel. Below each of tiie keys is a )i*1. 

movable lever, whoso fulcmm is at K", and 
which lermiaates at the bottom of one of the 
contact pins KK, arranged in a oimle in the 
tnetal box A, in the top and bottom of which 
are holee for the ends to protrude, the npper 
holes being long, to allow of a radial motion. 

Each pin is bold down by the pret" ' " 

smallsi; ■ '^' 

Fig. 1148 is a vertical section of the print- 
ing instrument and key-board. The section 
shows a white key, hinged at K", oonnected 
to its lever K', a contact pin i, on the right, 
and also to a black key, whose lever reaches 
to a contact pin on the left of the box A. Tbe ' 
contact ^ins are provided with shonldeis to j 
Lmit their movements in each direction. 

The horizontal arm, wbich travels over the > 
circle of oontact points, is attached to the ' 
bottom of the vertical arbor Q, to which 
motion is imparted by the bevelled wheel 0„ i 

parts, tho arm r, jointed at a : the resting piece, o -- . , 

vertical ahaft Q is of brass, and is divided electrically into two narts by an insniuting ring of ivory, 
q. The lower part ia supported by the oentr»l pedestal, which is insalalcd from the boi, A, by a 
nou-oonducting ring. 

The continustion of the jointed arm r, which ia held by the portion of the shaft above the 
insulating ring g, ia pressed down by a apring, which keeps a small screw in the middle of the 
continnalion in metallic contact with the second piece r*, supported by the portion of the abaft 
below tbe ring. The shovel r", is of steel. 

When a key is depressed, the corresponding contact pin Is elevated, and If the arbor Q is 
in motion, tho extremity of the arm r mounts upon tho elevated pin, by which contact betwoon r 
and r* is intcrmpled, aud that of r with k established. The arm r having made contact, tbe shovel 
r", which immediately follows it, poshes tho pin i in its slot ontside the citeumferouoe swept over 
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bj r; BO that if the latter raises ntiotlier rerolatioii whiUt the flnser is kept down apon the key, 
no Bccood contaet is made, and the same letter ie a<A repeated. The operator feela a Tibntion of 
the ke; aa the BhovelpaBBea by the pin, and is that made anace thst the letter ha* been printed. 

The tjpe wheel H eontama on ita ciroumferenoe, JD Iwentj-eitiht eqnal spaoea, twentr-iuc 
letteis or the ulpbabet, a dot, and a blank space ; it is flied to the eitremit; of the alia CC, whiofa 
is put in motion b; means of the hollow 

axis, O, enveloping it in the greater part ]i4g. 

of its length. The conneotion between 
CC and Q ia made bv the mediation of a 
fine ratchet wheel O,, attached to the 
axis G, the olick m being on the axis 
CC On the latter are supported, be- 
sides the ijpe wheel and click, a oor- 
reot«r H', or wheel with tojiK narrow 
teeth, equal in nnmber to the types, 
serring to establish praciaion l>etween the 
morements of the horizontal arm r, and 
the type wheel. On the nme axis is a 
wheel H„ hanog a ootoh at one pari of | 
ito ctrcumfereDce, for stopping Ihs tyj 



the type < 



wheel when the blank s. 

the priutingpress, in oaee it shonld spring 

forward. The hollow axis Q is turned 

by a clockwork moved by a weight, a wheel of which engages with the pinioci O,, and mpporta, 

besidea the wheels 0„ Q,. the escape wheel G,, and a looth-wbeel 0„, which locki into the 

pinion I, of the printing shaft I, shonu in section in Fig. 1149. 

The printing shaft turns seven times as fast aa tiie type wheel, and earries a By-wheel 1'' at 
one extremity, in order to overoome the inertia of a small ehatl, whose du^ is to lilt the paper Dp 
to the type wheel at the other extremity, llie printing Bbafl I, and 
its continuation i, are looked together by meaos of a ratchet wheel I, l>**< 

and click ■". At the end of the continuation shaft i, is a cam h, for 
lifting (he press and the paper ngainst the type wheel. 

In the printing press underneath the type wheel is a amall i^linder, 
OTer which the paper is led, its axis Iwing in the middle of a bent 
lever; attached to it is a ratchet wheel, in the teeth of which catches i 
a (Jidlf affixed to a movable piece, terminating in a rectangular arm, 
which is foreed upwards by a spring attaobed to the iteme of the 
apparatus, bnt is stopped against the axis. When this makee one 
revolution, tlie cam lifts the arm of the lever, together with the 
cylindor and paper strip, up to the lowest tooth of the type w] 



by which the paper atrip is impressed with the print of the type, kept inked by ar 
The cam being very sharp, tiie movements of ascent and descent ore proporti 
and the paper tauches the type during only an infinitely short spooe of time, l^e axis continuing 




a turn, the oajn meets the arm, and depresses it, causing the click to draw round the cylinder 
and advance the paper a certain distunce. 

By the side of the ratchet wheel the printing shaft carries an esoapement !i h', anteted by ■ 
continuation of the lever moving with the armature of the eleatro-maguet. The armature is of 
soft iron, supported at the extremity of a lever over the poles of an eleotro-magnet. The 
lever torus between supports on the axis, and tends to rise by the force of a spring regulated by an 
a4)astiog screw. When a cnrient tiaveraes the coils of the electro-magnet, the annatnie and 
lever are depressed, the dick ia pat in gear, and the pallet of the escapement, released, tarns witli 
the axis. At the moment when the pallet passes under the lever, tt relifta it, and depreasea a 
screw, returning thereby the armature to the poles of the electro-magnet, and, at the same time, 
throwing the click out of gear. 

The magnet employed consisla of a permanent horseshoe magnet, with soft-iron cylindrical con- 
tinuations on the poles. These conlinnntions are each encircled by a coil of wire. Whennocnrrent 
insses through the coils, the armature is attracted to the piles by the magnetism distributed in the 
iron. This hiroe is opposed by the adjusting spring, which is so regulated that, the annatnre being 
in contact, a very w^k current is able to nealralize the attraction. 

Ttie printing abaft has also the duty of correcting the movements of the type wheel, and of 
ensnring always ttiat, at tho moment of printing a letter, the type is in its proper position. This 
is eSbctt'd by means of a curved cam h„ on the axis <, P4g. 1119. The instant the cam h' lifts the 
arm of the frame carrying the printini; roller, the projection h, locks into the teeth of the wheel B, 
and adjusts, if it be necessary, its position. If, on entering the teeth B, the cam has to pn^ ttie 
wheel forwards, or to accelerate the motion of the axis C O, the click tn is poshed onwards, passing 
over oneormoreof the leeth of the ratchet wheel a„ Fig. 1148. 

IF, on the contrary, the cam bsa to retard the motion, the click pulls the ratchet wheel back- 
wards, for which purpose the latter ia not made rigid on the axis, but is formed of a diio held 
bctwran leather waahcrs supported by two plates of metal, fixed on the hollow shaft O. 

The electric circuits of the apparatus are very simple. Tho bottom of the vertiool shaft, Q, is 
oonneoted to earth, and the upnet part to one end of the coils of the electro-magnet, the other end 
being to line. One pole of a batlery is connected to the levers k of the contact pina. the other 
pole to earth. At two corresponding stations the plates of the batteries mnst always be looking 
the same way, l^eaase the iiome apparatus ia intended always to work as well as that of the 
distant stations, and the annatnre of ita magnet ie only hberated by corrcnts in one direction. 
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Wh«n B ennmt utItm, therefore, from the line, it puie« flnt through the ocdli of the magnet, 
then through the Tertioal ahaft Q, wbkih it degaenda, and goea oTer bom the acrew in the jointed 
■im to the raiting-[»eoe, and from this to earth. When a eoneDt ii to be tmumiltad, the operation 
oonaiata prineipaOy in inlerniptiiig tba earth circnit, and in inserting the batter; into the break. 
Thi« is done b; the contaol pmi and jointed arm of r, A kej being depreaaed, the arm r in lis 
joamey ridea orer the pin, Md ita icrew is lifted np from contact with r', which breaks the direct 
earth circuit. At the eajne time the oontBet of r' with the pin k, which ia in communication with 
B pole of the batter? throngh the lever E, aenda a earrent liiom tba battery through the coila of 
the magnet into the lime. 

Soppoae two aoch apparatoa properly adjnated at the eztremitiea of a line of telegraph, tlie 
clockwork wound np, the eteotnoal oonnectiooa dnly eitabliabed, and the type wheeL locked. 
The employ^ who deeirea to tiaasmit preaaee .down the blank key of hia iDatroment ; thia paahea 
np the ciHTeapondiTig contact peg in the circle, and when the chariot arrirea over the pm, tlia 
extremity of the piece ridaa mer it, aepamting the earth eontaet, and iatrodncing tlie battery into 
the line dronit. Tlie current paaaea through tlie vertical abafl, the coila of tlie miLgnet, and line 
wire to the other atalioii, where it circalatea in the ooila of Uie jnagnet, the vertical ahaft, and 
goea to earth. 

Id traTer^gtheotrila of the magnets of both ioitroments, the onrrent weakens the attraction! 
of the armatnrea to the polaa of the electro-magneta ; the former are forced off by the apring, the 
■crews are raised, and the levers at the aame time depreaaed. The pallets, h, of Uie eaoapements, 
h k, are therenpon released, the aiea, i^ pnt into gear with I, and the type wbeeta releoacd. During 
the revolntioii made by the axee i. the cylinders are raiaed by the cams, and lift the paper op to 
the printiDg wheela, at the moment when the Utter are nnlocked. No letter ia printed, beoanae 
the blank apaoe in the type wheel occurs just there. The paper atrips and c^inders dasoend 
again, the former advancing a itep. The cUcka are then disengaged from the rul^heta, and the 
palleb, h, recanght by the levers, which were lifted np, oanaing the armature* to be puabed down 
again to the polee of the magneta. 

If a key answering to any letter be now prewed down, the onrrent ia repeated the moment the 
chariot paaaea over the raised oantaot nin ; the printing axis is put in motion, the letter printed, 
and the paper pnibed on aa before, and ao on, until the nieaaage is completed. 

It aometimea bappena that the apparataa do not agree when one oT the stations eenda ita 
meaaage. In this oete the employ^ at the receiving statloQ advises his oorreapondent of it bv 
Eiving him a signal; both then arteet their type wheelB,and the tranamiaaion is roeommenoej, 
beginnhig alwaya with the blank. 

To avoid the inconvenience of irregular working which mightarise Troia changes in the battttry 
power, Hughes baa adopted a method of short-circuiting the ooits of the electro-magnet, the instant 
after the armature is released, so that the current, whatever may be its intensity, comes into plsj 
only long enough to effect the reqnired weakening of Che magnetii: attraction. 

Hngbea' type printer has been comidereblj modified in America, with the object of rendering 
it leaa complicated and increaalog Ibe speed at which the type wlieel can be made to revolve 
without i^JDry to the parta. Fig. 1150 is a plan of the priuiing meohanlam attached to this 
modified inatriuient. The printing wheel I ia carried on the main abaft of tbo inatrumont, which 
reoeivaa ita motion from a tranamitling cytiiider ; upon ita upper anrloee ore flxed etx angnior pins 
il A : a deteint on the end of the escape iever H takes hold 
of one of these pins, whenever the circuit of the electro- nN. 

magnet is broken, bnt tnatantly relcnaoa it when the circuit 
ia cloeed. The effect of each electrical pulsation sent 
through the electro-magnet of the reoeiving Inatmment ia, 
therelore, to release one of Uie pins A, allowing the printing 
wbt«l I to perform one-aiith of a revolution, when it is 
again arrested by the deteot of the eacapement lever 
catching the next pin. Meanwhile the type whetl J ia 
ccnaUntly revolving, ao that the wheels I and J of the 
reoeiving instrument, and the tranamilting cylinder of the 
aending inatmment, perform the aame oiimber of revolutiona 
in the some time. J baa twenty-eight characters upon ita 
ciiGumferenoe, and nodemeatb these are two circles of teeth 
J and k, equal In nnmber to tho rharaotera upon tbe typo 

wheel. In opetatioD, when the printing wheel 1 ia releeeed by tbe action of the electro-magnet, it 
fertarma, as before atatcd, one-sixth of a revolution. Two diatinct opeiationa are effected by tbia 
movement, fint one of the teeth < i enters between two of the teeth ; of tbe type wheel, and effects 
any oeccaaarj correction of tba error in ita position, by moving it a little forward or hurliniird upon 
its axis; secondly, one of the pins A press baoh the tail of the lever/, and this brings tho paper 
strip r, which iscarriel by tbe cylitfariosl platen T into contort with the typo. A cin:le of teeth 
npon T ecBT, with corresponding teeth i on the type wheel, and the two revolve together as long as 
the contact lasts between the paper and the type, so that the tieding of tlie paper is aocomplishod 
while the impression is taking place. The typea are inked by a felt roller It. The unison slop 
P ia employed by the receiving operator to arrest the type wheel at zero or dash, when storting. 
It is thrown off the type wheel, and released at the first movetuont bv one of Ihe pins h i striking 
against the projection on the upper surface of the lover. Tho bar L supports tho platen and ilti 
attachment ; it is pu^ied back, so aa to throw tbe improeaion lover ont of gear witli the printing 
wheel, when sending. 

Phelps" i-lectro-molor printing telegraph, largely used by the Western Union Ti'lcRmph Co., U.S., 
haa the type wheel and printing mecluini«m operated by a local battery. This construction enables 
tbe working parts to b« made much sliuuger than in the Uughis instrument, where Ihe moving 
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mttM mast neocsMtrUj be light. Tliese parts coniist o( a tmoiinUter with kejboard Tor closing the 

circuit, tho receivor or printing mecbBnism, contsiaiTig appamliu foi mnintaiiiiug nnisDn aato- 
maticfillj. the electj\vmotor, and tbe goveraoi for speed. The trnnsmittini; appanitiu and the 
type whoul of tlis receiving instrument are caused to revolre ajnehroDoualy, under oontrol of 
inn governor, and each letter is printed by a ningle pulsatiun of the electric current, of d etermined 
nnd imifono lengUi, tninamitteil at a given time, Tbe motion of the type wheal is arrested 
while each letter is being printed, aod is automatically relensed, the instant the impresaiim 
baa been elTooted. By this means a greater speed of revolution is given to the txpe wheel 
than it would be possible to nttain by a step by step movetoent, and also letters wbioh happen 
to (»me in direct ssqnonce upon the kcyboiira, may be printed from, during the same ruvnliitioD. 
The inatrumeot Is seoured upiin a base 18 in. by 23 in., and the keyboard consists of twenty- 
eight keys, together witli a period and apace. Directly in roar of ihe keyboard ij a hollow 
column A, Fig. 1151 which contains a circular range of twenty-eight verli™] slide rods, oorre- 
Bponding to the keys, and the mechanism by which the oireuit tloser is actuated. Tlie vertical 
slide rods a are connected with the keys, 

as in Hughes' printer, and are provided "*'■ 

with angntar heads a', projecting towards 
tbe centre of the hollow column ; their 
inner ends rest in Blots formed iu a guide 
ring a,, projecling from the upper stuface 
of 3ie guide phite A'. The inner cndu of 
those hettda form aonmpactoiRiloof abont 
H in. diameter. The puldotions of the 
carrent are transmitted npon the depres- 
•ion of the keys as follows ;— In the centre 
of tbe hollow ooluniD A is a veKicalshuft 
C, revolving continuously at 241 revolu- 
tii)ns a minute', being driven by tlje wheel 
E, receiving its motion from the electro- 
motor. The speed of this abaft is con- 
trolled hy a governor, and upon tbe ahaft 
ia a bollow Bangeii collar B. fitted looaely. 
Wlien none of tliu keys are depressed, the 
collar BroTolveswith tbe shaft C, and the 
wheel E being ooapled to them by a 
catch, presaed by a spring into ane of four 
shallow vertical grooves cut in the ontt-r 
poriplicry of tbo collar. A pawl ia 
pivoted to the flange of the collar, and 
revolves almost in contact with the circle 
of twenty-eight ratchet teeth d, formed 

on the Inner edge of a stationary annular plate D; the arm of the pawl extends tiiiougb an 
opening into the iolerior of tbe drum, where it rests against a roller mounted npon a luring. 
The b^tom of the collar B ia formed into a flange, the under surface of which connsts of two 
inclines, one of tlieee inclines being short and sudden, and the other being gradual and in the 
reverse direction eitanding round the remaining portion of the circle. The flange revolves imme- 
diately above tbe inner ends of the an^lar hea<lB of tbe slide rods. Upon tbe tap of tlie collar are 
four projeetiona with betelled comera, each occupying one-eighth of ita circumference. The liorimntal 
niisher e mounted npon a spindle within tbe hollow wheel E, carries the short bevelled arm. extending 
downwards, and along the aide of one of the projections «., The foot of a slender vertical rod c, 
rests upon this lever and extenda nowards, through the holkiw parta « of the shaft C, to the screw 
g. Tills rod c when pushed upwards serves to actuate tbe circuit closer. When one of tlie keys is 
depressed the corresponding slide i« raised, and its angular bead is pressed against the under 
aurfiioe oif the flange 6 upon tho collar B, which together with the shaft C Is revolving at Ihe rate of 
foar revolutions a second. When tbe incline of B paaseaovectheetevBted slide head, the sharp bead 
of the pawl is stmok by it. In consequence of its inclined form tbo pawl is forced ontwan], and 
into contact with Ihe opposite ratchet tooth d in tbo plate D, by whiob the rotation of the coUar ia 
arrested at that point, although the shaft and wheel E oontinne to revolve as before. On the 
under side of the wheel G are four wedge-shaped cams E B,. and after the shaft C and wheel B 
liBve moved through a quarter of a revolution, tbe collar remaining stationary, tbe next succeeding 
cam strikes the bead of the pawl, forcing it back into its original position. At the same time 
a catch drops into tbe next succeeding groove in the collar B, which then revolves with the 
shaft O, until arrested by tbe depression of another key. 

When tbe key ia depreeaed no action takes place, until tbe bead of tlie pawl in its revclulioD 
arrivee at the corresponding slide-rod bead, and the collar is immediately arrested during the time 
in which the ahaft C is making a quarter of a revolution. At the end of this time it is released 
by tbo automatic action of tbe mechanism, and permitted tu revolve with the shaft as before ; 
while tbe collar B is slopped, tbe bevelled end of the pusher « passes over tbe projection «„ raiaing 
the rod c, within the hollow shall C, and operates the circuit closer. As the abaft c makes four 
revolutione a aeoond, tho collar B is atoppi d for i^ of a second by tbe depreesion of each key, unci 
as tlie length of the projection e,, which deti'rminos the length of time during which tho riid ia 
elevated, and the circuit cloaoil is ono-cighth of the circumfcrt-nce of the collar, the duration of tho 
electric pulsation produced by the elevation of the rods c will be ^ of a second. 

The circuit closing moc1moi»m admits of uithcr the sincle current or the double current system 
being employud, by change of connection. This part of tne apparatui is enclosed in a cylindrical 
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QMS I, Sited with plate^laM beads. H is aqtuulruiguLir plate of irory monntocl upon a rockahaft, 
upon wliieh U aiao fixed ui arm prajeatiug dovnirajita ; upon thu upper e,nd lower edg«B of the 
iiuulating pUte H. are fixed meUllio bora A A,. A tpimi apriuif HttacLed to ih€ insulated screw r; 
lakes hold of a short urn projecting upward frum the aiia o[ H, and the tension of tliii spring keep* 
the ann A pressed ogaiost the IrJction roller j,, upon tbu lererG, and the latter in turn pTossea down- 
vnuda b; means of the adjustable screw g upon tha vertioal rod c The spring aliu serves to «on- 
duct the electric carrent &oin the screw i„ which is connected with the negative of the main b«tler7, 
to the bar h, ; a second srrew direuti; behind i, snd insulated from it, is attached to the copper 
pole of the batlory, and is also oonnccted bj means of a ouried wire and spring i (o the metaflio 
bar A,. H, and H, am two upright contact levers conueoled respectivelj to the line wiiv, and te the 
earth. When the appsmtos is arran^d fur the duabte current sjetetn, the ni^itive current flows 
to line at all times, when Done of the keys are deprenatd, but when Ibo rod c is niiaed, by the action 
of the transmitting mechanism, (he polarity of the cuirout npon the line is revEFsed, by the action of 
a lever U upoa the arm A, ahifting the poiiitlon of the plate H, aud bringing the negative pole of the 
battery into oonneetion with the eurtb. Pabationa thus transmittod are cooduuted lliroagh a 
niaj, oonnected with the tending a« well as the receiving instramont. With the double current 
^¥tem a palarited relay is used. 

The piintiog mechaaism. Fig. 1152, is arranged upon a horizontal clroular plate, supported 
bj k bracket upon the hallow column A. Tlie type wheel T is rigidly fixed upon the same 
axis with and directly above the wheel T, of Die same diameter, ptovidi'd with twenty-night 
ratchet teeth. The wheels T and T, are upon a 

sleeve and are atlaehed, by mean« of a friotioD plate, "*^ 

to the axis of a toothed wheel receiving its motion 
from a wht«l not shown in the Fig., tbroueh tbe 
intervention of an idle wheel. As iheie wheels have 
tach the same number of taoth, they most revolve 
synchronously. The type wheel T is mked by memna 
of an ink roller t, mounted upon a boriiontBl swinging 
arm, and constantly pressed agninst ihe type wheel by 
a. ajiringj the star printing wheel K oontrola tlie 
mecbaDisni, and itself is under the oontrol of another 
electro-magnet H ; it arreata tbe type wheel when a 
letter is to be printed, forces the platen and paper into 
contact with the type whetl. movea the paper fyrwsrd 
after the Ittter has been printed, and releases tbe 
type wheel. Tbe electro-magnet is sctualed >>y a 
rattery connected with the receiving relay. To its 
armature is flied a lever m, armed with a detent m„ 
which takes hold of one of the points A of the printing 

wheel, when no carrent is passing thtoagli the magnet. The detent !a kept in pn«tloit by a 
spring. The printing wheel K, being coTiiiected to a wheel by a frictional oouphug, revolves 
with the latter when not kept in check by the delent The printing wheel K has six angular atnds 
or pallets projecting from its circomfercnce, to serve as stops, upon which the detent m, succes- 
sively acts. Two ooDoentrio rows of vertical pins are inserted upon the upper aurhce of tha 
printing wheel, and there are six of these pins in each row; tbe ouler row of pins A, acts upon tha 
atop lever which arresta the type wheel on the inner row n, and acts upon the plulen and upon tlis 
mechanism while moving the paper. Between caoh pair of pins A, n, ia placed a central circular pin. 
Wlien a letter is to be printed the detent m, is lifted by the action of the electro-magnet, 
the pallet A is released, and the printing wheel K canieil forward one-sixth of a revolution, 
fay ilB bictional counectiun with the wbiel bentath it. This movement of the printing wbeel 
piadoees the following resntte. An angular projecting stULl at the end of the type-wheel 
•top lever L is ounaed to paiis between the pallet A, and the pin; as this lever turns upon a 
folcrum at I', tbe detent I at its opposite extremity ia insirted between two teeth of the 
wheel T| and tbe elevation of the type wheel T is arrcsticl. When the ciraulir piii moves iDund, 
it hears against the inclined surface of tlje stop, and forces the lever L into tbe position by 
which the type wheel is locked. The lever is retained in its posilir.n by a pin aa it glidae along 
the carved sarfccf, hiJding the type wheel in check until the inclined face of the succeeding 
pallet A,, coming into contact with the inclined surface upon the lever L, returns the latter to 
ila normal positioo in nfadiness fur the next rotation. Up >n the release of the printing wheel K 
by the del^t ni„ tbe type wheel ia arrested and held in check white the printing wheel makes 
one-sixth of a revolution, and is then releiiaed. The device for moving the peper forward is a 
modification of the meohanical movement known as the Geneva stop, the convex tooth being 
omitted. In all type printing systems it is neces»ry that the transmitting mechanism of one 
instrument and tM type wheel of tbe other should be in exact correapondencB, aud to effect this 
means mnst be adoplM to enanre thiir starting together. In the Haghi>s' instrument this ia 
aocomplisiied by a simple stop li-ver, and in Plielpa's printer tbe typo wheel is Batomaticnlly arrested 
at tbe tero point, whenever it is permitted to mnke a few revolutions without printiiiK. Upon the 
upper surface of the wheel T,, Fig. llyl, directly under the type wheel ia a pin. Bled to a flat 
aur&ce on the aide lowards which the wheel revolves, J is a three-armed slop lever turning upon a 
folcrum. U is a toothed wheel mounted bo as lo revolve freely upon a pin fixed in the horizonlal 
lever O, by means of which it may be thrown in or out of gear wilb the correspondinc pinion in the 
type wheel axis, at the pleasure of the operator. Ordinarily it ia kept in gear with the pinion, and 
receivM from it a slow rotary motion. A curved arm fitted to the arm of Ihe stop lover J, is 
constantly pressed against the revolving axis (f the wheel U, and has the etlcct of slowly and 
ooutiitaoiuily swinging the slop lever J toward! the lelt, whenever the type wheel ia in molion. 
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If the printing wheel K oontinoea itatiouaiy, in the couno of four or Stb revolntioiu of the tjpe 
wheel, the lever J vill avingrouud ioto nnch a position, that the stop which projects dowowanlB fnim 
the end of the arm, will lie throvn into tbepttth of the stop upon the wheel T„ vhicli will come 
into contact with it in it< neit revolution. The tfpe will be arrested with its dash or blank spaoe 
oppoeila the platen, whore it will renmio until tbe ptiating luechaniem ie ogaiu opented. tmrae- 
diatel; tbe prinling wheel K is reletued, bj the action i^f tbe electro-magnet, tbe slop lever J ia 
thrown back inlo position, because ita third arm lies in the way of the second pin of the drcnlM 
aeries upon the printing wheel. So long as one or mora letten are printed at every lerolutinn of 
the type wheel, a continual succession of the pins will itrike against the arm, and prevent the atnp 
lover J from being swung far euongb to arrest the type wheel, unless the opetation of printing ia 
enapended during several successive tevolutions of the type wheel axis, and the tf pe wheel will ba 
antomatically arrested. The electro-motor and its govetnorare monnted upon the baseof the instni> 
ment,aDd eonaista of eight electro-magnetaartangedinacircle wilhia which a revolving shaft tnnw 
a circle of soft iron nrmatnree. The magneta act snooanivel^ aa tlie armatnrea corns within their 
inQuenoe, and cease to act jnst as the armatnres arrive opposite to the poles of the magnets ; by thi* 
means constant attraction is exerted upon the armatures. Tito motor is provided with a oentrifogiil 
governor, wbieb acts to reduce the quantity of electricity Sowing tiirough the magnets, whenever 
the speed is too great. The local battery which drives the motor consists of two large Bunsen cells, 
charged with PoggendorflTs bichromate solution in content with tbe carboua in the porous cell, and 
diluted Bulphuric acid io tbe outer or ziuo cell ; these cells being 5 in. diameter and 6 in. in height 
This is sufficient battery power to run the motor cootinaonsly for fifteen hours, without tcquiriog 
renewal of the bichromate solution. Tlie system ia worked direct at full speed, without relsj, 
between New York and Chicago, a distance of 1000 miles. 

Figs. 115X, llSl, relate to wheatstono and Strolj's devices introduood in 1872 in the construe- 
tion of alep-by-step telegraphs, the object of which is to enable the indioitor of a large dial, or the 
dial itself, to be moved rapidly with the some certainty as tbe iiidicaV>rv of small dials. 

To attain this object tbe propelment of tbe index is due to the action of a maintaining power, 
limiting the work performed Vy the transmitted currents to the controlling of Uie scape wWl, a 
■peoial artiLngement obvialing the rolarding eCfect due to tlie weight of the iudes hand. 

On an axis a. Fig, 1153. driven bj clockwork gearing with the pinion z, is Qnnly fixed an 
indei hand P and an arm t. At the extremity of this arm a pinion cf centred at c and gearing 
with the stiitiooary wheel D, a segment only of which is shown, carries two equal arms et. 
Uounled loosely on the axis a ia a tcape wheel A, to which one end of a light spiral niiing B is 
attached, the other end being fixed to the axis a, so that the scape wheel remaining stationary and 
tlie OEJa a revolving, the spiral spring 

8 would be wound up, and conversely iits. 

the axis a remaiuing stutionary and 
the scape wheel free to move, the 
spiral spring in uu winding itself 
wonld lend to propel the acape wheel 
forwards. To the centre of the scape 
wheel A is fixed the piece ^ carrying 
at its extremity a slop n, which when i 
the scape wheel ia at rest is met 
b; the end of one of the arms te, 
attached to the pinion d or to its ' 
' axis, and thercbv the revolution of 
the axis a, and consequently tbe 
pointer P, prevented. Tbe control of 
the scape wheel is effected by the 
pallets BB, to whiah an oacillatory 
motion is commnnicaled by any snit- 
able eleatro-magnelio arrangement, 
moh as that shown at E E, in such 
a way as to allow the acape wheel (o 
advance with a slep-by-step motion, 
one half tooth for every movment of 
the pallets. It follows that with 
every movement of the pallets B B, 

the scape wheel A driven by the spiral spring B will advance, and this forward movement of the 
scape wheel will, by withdrawing the atop n, release the arm t and allow the maintaining power 
gearing with the pinion x to propel the axis o, the pointer P, and the arm i, and thereby to wind 
up the spiral spring 8. The pinion d carrying the arms a e at the eitremi^ of the arm * and 
geanng with the stationary wbecl D, wilt thus rotate like the sun and planet movement, nntil 
the scape wheel coming to rest locks the wiiole ngain, by presenting the stop n to either of llie 
arms « e. The number of teeth on the pinion d, the stationary wheel D, and scspe wheel A, are 
■0 arranged that for every half tooth of the scape wheel liberated by the pallets B It, the arms e t 
attached to pinion d make one half revolution. The pointer P advances one space on the dial for 
every half tooth of the scape wheel so liberated, and tliua while the movements of the pointer are 
independent of the etep-by-step motions of the scape wheel, the tatter oompletaly oootroli the 
starting and Stopping. 

In applying tbU arrangement to type printing telegraphs, it ia used for regulating the motion 
of the type wheel, and the sbimplQg of a letter on the paper strip is effected automatically, 
immediately after the cessation of the last of the electric cntrents oeoessary to bring the type wheel 



to the requisite positi 
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Moanted on the axifl a. Fig. 1154, in place of the index hand is a wlieel B, gearing with another 
wlieel Y fixed firmly on the arbor of the type wheel. By means of these wheels the maintaining 
power moring the type wheel is controlled by the pullets B B. Also mounted on the arbor of the 
type wheel is a saw-toothed wheel Z, and in play with the teeth of this wheel is a pin fixed into the 
extremity of the arm E, this arm being centred at e and continued in a light rigid bar E', bearing 
on a friction wheel /. During 
the rotation of the wheel Z the 
pin cannot rest between any of 
the teeth, and the arm E is 
therefore kept up. The pin on 
£ poases in its upward motion 
against a segmental arm d 
centred at G, at which also is 
centred the arm n bearing 
against a pin in the segmental 
arm d, and sustains these two 
arms, keeping the releasing arm 
L, which is centred at «, free 
from the pin 1 at the end of the 
arm n, and*allowing a bent end 
of the releasing arm L to rest 
upon the pin 2 in the arm y, 
which is centred half-way up 
the SOTO ft and kept in position 
by a spiral spring 8. A con- 
tinuation n} of tiie arm n has 
iiivoted at its extremity a light 
bar n' bearing upon friction 
wheels. 

When the rotation of the 
wheel Z ceases the pin on £ 
and the arms d and n fall, and 
before the end of the releasing 
arm L can engage with pin 1, 
the check piece is liberated Arom 
its position of rest on pin 2, and 
the arm L falls. A transverse 

froove in the arbor of the arm 
t retains the end of a piece J, 
jutting from the axle of a pinion 
P. gearing with a wheel N fixed 
on the arbor of a second wheel 
M, having widely spaced teeth, 
and called the stamping wheel. 
With a pinion w, also on the 
arbor of the stamping wheel, a 
maintaining power, separate and different from that imparting motion to the type wheel, is in 
gear. The fall of the arm L liberates the piece J, and this piece in making one revolution beforo 
it again engages in the groove of the arbor of the arm L, permits the stamping wheel to be carried 
forward bne tooth by the maintaining power in gear with it The tooth of the stamping wheel 
coming into contact with a touch piece, causes the printing hammer to be lifted against the rim 
of the type wheel. Consequently, the letter immediately presented to the face of the printing 
hammer, is printed on the paper strip which intervenes between the type wheel and the hammer. 
The action on the printing hammer is direct, but in the case of the arm L a series of levers r, r, r, 
are brought into play. The type wheel is adjusted to zero as in Fig. 1153. 

Fig. 1156 is a plan of sending instrument of E. A. Cowper's writing telegraph. Fig. 1155 l)eing 
an elevation of the same. The writer holds the pen, which is rigidly connected to the travelling 
contacts, and also, as at A^ A^ to the batteries. The slip of paper on which the messnge is written 
is moved somewhat in the Kune wav as in a Morse instrument ; in fact, the Morse clockwork can 
be easily used for the purpose. Thus the paper travels under tlie pen instead of, as in ordinary 
writing, the pen travelling over the paper. Two sets of thin metal plates C form the contact 
appnratus, D are the liglit connecting rods, the ends of which make contact with the plates; 
FF are the resistance ooils connected to the contact plates, one coil for each plute, except the first 
of the series, which is connected to line. It will be noticed that the strength of the current 
entering the line, depends upon the plate with wliich contact is made by the connecting rod. As 
the rod travels from the first of the series the resistance increases, the current having to pass throngli 
N — 1 resistance coils, as well as the lino wire, N being the number of plates from the first of the 
series, to the point at which contact is made. Gcncmlly, however, as one contact piece travels from 
the first of the series, the other travels towards the first of its series, and thus, while tlie current 
decreasing varies in one line, the variation is increasing in the other. A slight knowledge of 
co-ordinate geometry is required to plot the curve of any letter, and to calculate the variations in 
the strengths of the currents. Figs. 1157 and 1158 are respectively an elevation and plan of the 
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the movable oorea to the pin ; 00 are springs to 
enable the pen to resist the pull of Ihe nwgntts. tlie 
conneolions are shown in O', O', O', the latter bring 
attached to a fixed poet O'. 

As the cnrrents »ent through the line wire by 
the sending inilrumsot Tsr; in strength, end cause 
the light bar of soft in)n to move with ynrying 
power by its attraction to Ihe stationary magnets; 
and in order to cause it to take its proper position 
a-cording to each vibration in power, a varying resist- 
ance is opposed to it, such b« a spring whici > requires in- 
creased power to compress it the more it ia compressed, 
BO that the action of the soft iion bar, combined with 
that of a precisely similar bar actuated by the second 
line wire, will cause the ptisilion of the pen in the re- 
ceiving inatrumeut to follow the position of the pen 
in the band of the operator at the sending inatrn- 
mi-nt, and thus form the letters. The total atrength 
of the spring or varying resistance cnn bo regulatul 
Ht will, so that thelattersformed by the p<n shall be of 
the same proportioDale height and width, ss the letters « 
instrument. 

Electric Zani/M.^EIectrio lamps or humcrs may be divided under two beads : those in whioh tlie 
voltaic arc is caused to exist belneen the two portions of an int< rmpted drcnit; those in whioh a 
oontinnonB poitiuu of the cirenit, being a liad conductor, is hcak-d U ' ' ' " 

of Ihe current. It is probable that thii division being arbitrary an 
be ovartumeil by a new invention based upon principles that do n 
invented. 




a by the opentor at the sending 



of Ihe current. It is probable that thii division being arbitrary and not generic, may 
by a new invention based upon principT " ' ' ' 

Foucault, in 1844, substituted retort carbon for eiimmon wood charcoal, as the subabi) 



incaiidesoence by the paaaaga 
lamps at present 






B for 



electrodes, and this discovei^ opened up a prsctioal application of the electric light to photographio 
I. The lamp waa simply a holder for thn cnrbon rods, and required help from the band of 



pur] 
the 



irator. Triiila of 1 



e light 



were miide in the Place de la CoDairde, Puns, by H. Delenil, 



ezhanstt .. 

Staite and W. Edwards, i 
are enclosed in tunall cases, n 



. ., introduced a lamp. Fig. 1181, In which two'carbon eloctrades 
Feting obliquely on a refractory and badly conducting substance. The 
iringa. A uidiog-pieo " ' ....»-.- 

I'gulutod. 



IT beneath the base 
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Staile and I'etris, u well u Poacault, in 1846, ileviaed & mitliod bj which tho cuFrent regulated 
the diaUncinf; of the oarboDL Tliii wiu hued upon the phennniDna that an clocbio cnrreat can 
ranse magnettxntinn ttocnrdins to its rtreni^h ; Ihat the TUltaic an- aa part at the eoniiuctor. reacts 
upon the mirrent This lamp, howeyer, wa» Dcxer introduoed Into prfcclieal OM ; in principle it wu 
similfir tn Archprenu's lamp. 

Fi^, 1162 is or Archereau's lamp, the basis of manj ideas, and one of the most simple nnd 
eflvctivoof itskind. It oonaists of a hollow coil of oopper wire, with a Terti<sl stundard, two onrbon 




carriers, and a coDiilerpoiao. The upper carbon in carried by a bar, aUding into and tuminR at the 
eitrcmilj of an insulated borizontal oopper bar, in connection with tbo negiklive pole of the elctiio 
■0Dn:«. The luwer oarbou rests on a cylinder, half of copper, half of iron, rising or foiling in the 
liollow bobbin. Tbc poailive pole of the electric source is attacliL-d to one end of the wire coil, and 
the olber end to the interior cylinder of tlie coil ; a weight counterpoises tbe lover cniboci holder. 
Wlien tbe current passes in the wire, it piodiicea luognelio action, causing the cjiliiider to descend 
into the bobbin, nnd to reduce the strength of the cum-nt. When the magnetism ia too weak, the 
action of (he couulerweight raises the cylinder. Initiully the carbon points must be brought into 
contact, tn establish the electric oircuit. When tbe voltaic arc is formed, the cylinder mmains 
filed in the ooil, and tbe counterweight is motionless. As the voltaic arc increases in lon){th, 
and tbe cturretit is weakened, the lower carbon rises, until the current again attains sutBcieut 

T. Wright, in 1845, caused the voltaic are to play between discs of carbon, aud Le Molt, iti 1S49, 
improved upon this idea. Fig. 1163 is tbe lamp described. Le Molt claimed the use of all 
cartniretted matter, as etectrodes producing the light, espeoially that of retort carbon, and the two 
combiDed movements of rotation and approximation, at given intervals, of two dixcs of variable 
depth and diameter. Tbe discs ore maintained, with regard to one another, in a parallel attitude, 
Tertcal or borilontal, or preferably, in positions at right angles, and conveniently distanced to 
prodtwe tbe electric light. Tbe discs revolve regnhirly upon two metal ailes, put into oonnection 
with the poles of tbe generating appaistus, and presenting, suocessively, by the combined rotation 
and approximation, all the extreme points of their ciroumt'ereDees to the produotion of tbe light -, 
in such manner that at euoli revolution of the discs, the latter approach one another by the 
distnnoe nhicb they had separated by the combustion of part of the carbon, and thus are always 
replaced in the sonio position of invariablu distance. Le Molt introduced (he purification of the 
carburized matter furmiiig tbe elcrtrodos, by more or less prolonged immersion in nitric and 
muriatic scids, and subsequently in fluoric acid. This lamp allowed of tnenty to thirty hours' con- 
tinuous light ; but the intensity of tbe light is less than tbut obtaiuublo with vertical curbon nxis. 

Another typical form of lamp is that of Laiassagne and Thiers, who, in 1855, subxtitnted for 
clockwork, which had then been introduced iuto latnps, a fiuut acting jti a bath of mercnry. A 
cylitider oontained a Qoat upon, and in oonnection with, the mercury ; one carbon electroile rested 
npon this float. The other cartwn electrode was fixed in the same axial line above tbe elcctriide 
supported on the float. As tbe carbon points consumed, so the float rose ; but a means ofananging 
thetiM to occurattlie proper timewBB necessary, and vrufl thus supplied. Mercury from a reservoir, 
having entered tho float cyliuder, posses through a tube placed in an dectro-magnet. In this tube 
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is an indianibber valve, opened and closed by a soft iron armature, withdrawn hj a spring opposing 
the action of the electro-magnet. The opening of the valve admits mercury to tlie float cylinder. 
As the distance between the electrodes increases, the magnetic attraction decreases, and the valve 
opens, the incoming mercury raising the electrode. 

This lamp is the basis of many subsequent ideas, some of which omit tlie regnlatinj? apparatus, 
and employ the mercurial bath simply to raise the carbon rod against a disc of carbon, as the rod 
is consumed. 

These lamps, however, have not, as constructed by their inventors, met with practical applica- 
tion. The various modifications iiitxt>duoed do not deteact firom the merit of the onginal inventions, 
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but are additions that have become expedient, under somewhat different ciroumstancee attending 
the use of the powe^ul currents derived from magneto* and dynamo-electric machines. If the 
accounts were continued chronologically, there would follow a description of I>ubo8cq and Foucault, 
in which clockwork was employed to distance the carbons. These will be presently referred to, but 
it is first necessary to point out that all complication is to be carefully avoided, and that a lamp to 
be effective must need no skilled attendance, such as a clockwork movement would entail. 

Lamps in very general use are the Siemens and the Serrin. In (he Alteneck-Siemens lamp, 
Fig. 1164, the position of the carbons is regulated by the weight of the upper carbon holder, which 
tends to bring the carbons together. The carbon points are separated by a small electro-magnetic 
motor. The upper carrier is connected to the lower by rackwork and tooth wheels. When, by 
reason of the carbon points approaching too closely, the current becomes too strong, the electro- 
magnet £ attracts the armature A, held back by a spring, which keeps the lever T, centred at L, 
against the stop cL When the electro-magiiet overcomes the effort of the spring and attracts the 
armature, contact is made at c. Immediately the current ceases to pass through the magnet, the 
armature is released. The lever T is thus kept in oscillation and communicates by a pawl « a 
rotary motion to a fine tooth wheel U, and by the help of the train and racks separates the carbons. 
A pin B, against which the pawl strikes when the armature is retracted by the spring, compds the 
pawl to leave the teeth of the ratchet wheel, and allows free motion to the racks. That the carbons 
may not run together too rapidly, a fly tc is employed. 

If alternating currents are used with this lamp, the oscillations of the armature are produoed. 
not by making and breaking contact, but by change of polarity of the current 

Several other forms of lamps have been introduced by Siemens. One of these, on the principle 
of the Archereau lamp, has its carbons separated by the action of a cylindrical armature which is 
drawn into a hollow bobbin. In another form, the carbons are placed inclined to each oUier aide 
by side, one being pivoted at its lower extremity, to which is attached a short arm carrying au 
armature of an electro-magnet. As soon as the electro-magnet, which is in the lighting cirruit, is 
excited, the carbons are drawn apart and the arc established between them, as in the Bapieff 
and Wilde systems, to be presently described. 
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Senin'i lamp. Fig. 1163, ooiuisU of an eleetiomt^et A, > bar B, a bar C carrTbi^ ths n^ati*a 
Eartxm, an Mmatcm D, abatotent E, aprinK 9*, eieentrio O, puutive carbon holdei U, tte pieoe, fixed, 
I, adj'istable tie pieoe J, tension lever K L, doable paTsUeloeram H N P Q, train of wheels O, 
adjnatiDg Mren Band B. damp lorew T, and ivor; stop T. The veistit of the top carbon csuea 
the points to be bmnght together. The top carbon holder bac U racked at ita lower end, and in 
its deaoent engagea wiUi a tooth wheel of the train O. Oa the aitne aile ia a pnlley of diameter 
hklT Chat of the wheeL ThUpnlleyfoIlowa themotionof aBmaller polle?, bv meani of a lick chain. 
The chain is fixed to a itandard F, attached to the tabe of the nej^Te carW holder. Acccnding 
to the dimeuBiouB of the flrrt 
pulle; the negative carbon holder '"*■ 

is c*rried to a distance half that 
tbtongh whieh the lower oaibon 
bolder deaoHida. The deeoent of 
the nj^er caibcoi ii regrdated b; 
a fly, which also carries a star 
wheel 

The proper distance between 
thepobtaiaobtainedb; means of 
the doabio-Jointed parallelogram 
MNPQ, controlled by the soft 
iron aimatnre D aud eleolro-mag- 
DetA. Theinfluenoeoftheweiglit 
of the carbon holder oa the joiuted 
parallelo^nun is counterbalanced 
ttj two trpifal Bpfingi, one attached 
to the lower honioDtal ^e aud 
to a fixed arm, the otiier, taa- 
ueoted to the movable vertical 
side of the parallelogram, is aLn 
atlaohed to the end of a bent lever 
L K, and can be adjusted to the 
•crew B. Tlie distance throogh 
which the armature D is attracted 
Talies with the iutenaily of the 
cnrrenL Tbo bar of the negative 
carl>on holder ia conneoted to the 
vertical moving aide of the paral- 
lelogram, which is snbinitted to 
two eonnterbalanoing Ibroee, the 
wight tending to cause it to fall, 
and the springs to raiae it. The. 
action of the electro-magnet is to 
cause the parallelogram to desaend. 

The vertical movable aide of the parallelogram carrieea jockey B, 
the point of which, as it deeoends, enters between the arms of tbo 
star wheel, detaining the movement of the train and racks. The .-^/^ 

distance of the carbons apart, giving the beat light for mean 'CA 

ttiength of the curreat. is regnlated by the tension given to the 
spring in connection with the lever !> K. 

Oirouard'a lamp rwulalor oonsiBts of a otookwork movement for 
bringing together antfBeparatiQg the carbona ; and a regnlator or 
relay, phcea near the lamp and operated by a small battery. The 
rcLiy roceires a amall amonnt of, the lighting current and controls 
the ulockwoik movement. 

Carry's lamp emplofs a double aolenoid inatead of an electro- 
magnet. The armature aolenoid is g-shaped, and ja centred so as 
to enter at Kich of ita extremities inlo a hollow curved bobbin. The objactof tbia anangement ia 
to obtain greater space, through which Che caibona may be separated, thuu is obtainable with an ordi- 
nary eleotro-magnet and its armaluie. 

FoucBult and Daboscq's lampa, superseded in the lectnre-rooiu b; the Berrin and other lamp*, 
eoiitain a clockwork movement, which has to be wound up, regulated by escapemeut, which is con- 
tmI1e<] by an elootru-magtiet in the circuit. 

Gaiffe's lamp is a modification of that of Archcieau, with the addition of a rack and pinion for 
rataing the Cop carbon, which ia aided io ita descent by a spring that ia coiled when the carbons are 
drawn apart. The electro-magnet il covered with more convolutions at the base tlian aC Che top, 
•o that when the current becomes weakened by the aeporation of Che carbon points, it may have ita 
magnetic effL-ot still powerfully maintaiued. 

Fig. 1166 is a section of one of the Brush lamps ; A is a helix of insulated wire, A' an insulated 

Ehite, C an iron core. B a rod, D a brass ring, F F carbons, O lower carbon holder. The Brush 
imp contains no clocl(work or similar mechanism, and the movement of tbo upper carl>on, 
actuated by gravity, is controlled by an annular ohunp, whieh surrounds Itie rod carrying the 
carbon. When the lamp is in operation, one aide of this clamp is liFted by magnetic action ; 
this canaes it to grasp and raise the rod, and thus aepamte the carbons. As the carbons burn away, 
the magnelio action ilimiDishes, and the clamp and rod move gradually downward, maintaining 
only a proper separation of the carbons ; but when the tilted clamp tenches the supporting Qooi from 
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which it started, any farther downward movement releases the rod, and allows it to slide thmui^h 
the clamp, until the latter is again brought into action by the increased magnetisra due to the 
shortened arc between the carbons. In continued operation, the normal position of the clamp is in 
contact with its lower support, the office of the controlling magnet being to regulate the sliding of 
the rod through it If, however, the rod accidentally slides tm> &r, it will automatically be raised 
again, and the carbon points maintained in proper relation. Each magni t helix is first wound with 
a few layers of coarse wire, through which the main portion of the current passes. Over this coarse 
wire is wound a very much greater length of fine wire, not shown, having its ends connected witli 
the terminals of the lamp, but in such a manner that the electric current shall pass through it, in a 
direction opposite to that in the coarse wire. The fine wire forms a circuit of high resintance, which 
is indepenaent of the arc betwt en the oarbons, and is always closed. It follows from the difference 
in direction of the current in the two helices, that the fine wire helix will oonstanllv tend to 
neutralize the ma^etism produced by the coarse wire or principMl helix. The number of convolu* 
tions of the fine wire helix and its resistance are so proportioned to the number of convolutions in 
the principal helix and its resistance, together with that of the normal voltaic are, that the mag* 
netizing power shall be much greater. Notwithstanding the small amount of current which passes 
through the fine wire helix, nlx>ut 1 per cent, of the whole current, its magnetic power is eonsider- 
able, owing to its great number of convolutiims. 

When a numbt'r of regulators provided with these double helices are operated in a sin^rle circuit, 
uniformity of action will be maintained ; for when any lamp gains more than its ncvmal am, tho 
resistance of its main circuit is increased ; more current is consequently shunted through its secondary 
helix, and the resultant magnetism is diminished, allowing the carbons to approach. On the otlur 
hand, if an arc becomes too short, its resistance is reduced, and less current is shunted thmu;;h tho 
corresponding helix, and its carbons are drawn further apart Although the general strength of 
the current, operating a large number of these Iun*ps, does not vary, each lamp performs its regulating 
functions through the agency of varying magnetism, precisely as though it Wi-re the only lamp 
operated. In practice, the resistance of the fine wire helix or helices in each lamp is rather more 
than 450 ohms ; while the resistance of the coarse wire, various connections, carbons, and voltaic are, 
in each lamp used with a 16-light machine, is about 4} ohms. Hence net more than 1 percent, 
of the whole current is diverted from the are. 

The resistance of the coarse wire helix, copper-coated carbons and connections, in each lamp ia 
very small. To determine this resistance, sixteen lamps were connected in series in the usual maimer, 
about 200 ft. of No. 10 copper cirouit wire being used. Full-length carbons were then plaoetl in 
the lamps, and tlie upper and lower carbon of each lamp were connected by means of a strip of sheet 
copper, wired to each carbon. Ttie resistance of the whole set was then measured, and found 'to be 
2 * 10 oiims, showing a resistance for each lamp with its carbons, of ' 139 ohm. This is 2 * 91 per cent 
of the whole resistance of the lamp when in operation. To this loss must be added tl e 1 per cent, 
due to that amount of current diverted from the are by the fine-wire regulating helix, making a 
total loss of 3 '91 per cent. The remaining 96*09 per cent, of the whole eneigy absorbed in each 
lamp, appears in the arc between its carbons. 

The snunting or short cirouiting device in each lamp, consists of a small magnet core, sunoandtd 
by a coarse and a fine wire helix similar to tho^e of the working magnet. No current passes through 
the coarse wire until the magnet which it surrounds has raised its armature. The latter, together 
with the coarse wire, then form a part of the short circuit established through the lamp. The fine 
wire helix of the shunt is put in the cireuit of the fine-wire rt-gulatin^ helices. During the mnmal 
operation of the lamp, this fine wire helix exercises a magnetizing influence on its enclosed core, 
which thus attracts its armature with a certain degree of force, but not enough to lift it But when, 
through the exhaustion of the carbons in the lamp:', or from tlieir failing properly to feed together, 
the are between them becomes considerably lengthened, developing an abnormal resistance, an 
increased current will be shunted through the fine wire helix, the iron core of the latter will raiso 
its armature, and establish a cireuit of low resistance independent uf the carbons. 

When the short circuit is closed, very little current circulates in the fine wire helix, and the 
magnet would drop its armature and open the cirouit, were the am\aturo not retained by some means 
other than the magnetism due to this helix ; but the coarse wire lielix surrounding the same iron 
core is now brought into action, and the armature is retained. 

The carbons employed in these lamps are covered with a thin coating of copper, and are 12 in. 
long. They bum, without renewal, about eight hours, and during this time about 9| in. of tho 
positive, and 4 in. of the negative are consumed. When it becomes desirable to operate the lamps 
more than eight hours continuously, double-rod lamps are used. In each of these lamps two 
movable rods and two sets of carbons are employed. The rods are placed 3 in. apart, and each is 
moved and controlled in the manner described. Both rods are actuated by a (ingle magnet, the 
same as that employed in the single-rod lamp. The simple lifting mechanism count cted with the 
magnet is so arranged, that one of the rods is lifted slightly in advance of the other. When the 
electric current first passes through such a lamp, the two sets of carbons, having their membera 
in contact, will divide the current between them ; but as soon as the members of one set are sepa- 
rated by the action of the magnet, the whole current is thrown through the other set, without 
showing any spark between the members of the set first separated. When the continued action of 
the magnet separates the remaining pair of carbons, the voltaic are appears, and the light is esta- 
blished. The clomp which was the lust to raise its rod will be the fir^t to release it, when a forward 
movement of the carbon becomes necessary. Hence, the set of carbons which first commenced to 
bum, will continue to do so until consumed, the otlier set remaining separated as at first But when 
the burning carbons are exhausted, and can no longer move forward, any further eflbrt of the 
magnet to feed them, will at once bring the reserve set of carbons into contact ; the whole current will 
then pass through this set, leaving the other carbons without current, and permanently separated. 
The reserve set of carbooB will now be separated by the magnet, and bum continuously. In piac- 
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tioe, the transfer of the Toltaio ars from one set of carbons to the other is aooomplished instantane- 
ously, and is scarcely noticeable. 

By means of these double-rod lamps, a sYHtem of ligrhts may be maintained in continuous 
operation sixteen hours without attention. This is sufficient for the longest winter nig:bi But 
by introducing three rods, and three sets of carbons in each lamp, the lights may be maintained 
for twenty-four hours. In this case the clamps lift their rods successively, and feed them in the 
reverse order, aa before. 

In working, sixteen lamps are employed on one circuit, which for 200 ft. may be No. 10 copper 
wire, and euch of the sixteen lamps normally, has an arc of about one-twelfth of an inch. 

Measurements have been made for the purpose of determining the difference of potential 
between the terminals of each lamp, with the sixteen lamps adjusted to furnish arcs as nearly equal 
as possible. An opposing battery method was employed, and gave as result a difference oi 42*46 
Daniell's elements. 

As the report by 0. F. Brush includes the only published measurements of the power absorbed 
in working more than one li^ht on a single circuit, the resistance of the components of the circuit 
and the distribution of work are given in the following stetement : — 

EXFKNDITUBS OF PoWER IN WOBSINO SiXTESN LlOBTB ON A 8INOLB 

GiBODiT. Brush Btstbm. 

Besistance of dynamo-electric machine 10*55 ohms. 

Resistance of external circuit 72*96 „ 

Total resistance of circuit .. 83*51 „ 

Reaistanoe of voltidc arcs 70*86 „ 

Percentage of current available for external work 87*36 „ 

Percentage of current appearing as heat and light in sixteen 

voltaic arcs 84*00 „ 

Electro-motive force of current .. .. 839*02 volts. 

Yolame of current 10*04 webers. 

Total driving power reouired 15*48 h.p. 

Driving power abdorbea in production of current 13*78 „ 

Energy of current expressed in ii.p 11*285,, 

Percentage of gross power converted into current 72*90 „ 

Percentage of absorbed power converted into cui rent .. .. 81*89 „ 

Percentiige of g^oss power appearing in arcs .. 61*24 „ 

Tercentage of absorbed power appearing in arcs 68*79 „ 

Referring to the electrical measurements, there is a current of 10*04 webers, with a total resbt- 
auceof 83*51 ohms. Tlie value in foot-pounds of any current is (CR x t) 0*737335, where C is the 
current in webers, R the total n sistance of the circuit in ohms, t the time in seconds, and 0*737335 
the equivalent in foot-pounds of uno weber for each ohm a second. Hence, the value in foot-pounds 
a minute, of the current from the 16 light muchine, is 1004* x 83*51 x 60 x '737335 = 
332410*58. This divided by 30,000 = 11 *285, which is the energy of the current expressed in h.p. 
Again, 

11*285 

T5^4T='^2^^ 

hence, 72*9 per cent, of the total power applied at the pulley of the machine was converted into 
current. As 84 per cent, of tlie entire energy of the current appeared in the voltaic arcs, 72*9 
multiplied by *81 = 61*24, the percentage of (he total driving power appearing in the arc. 

If friction and resistance of air be deducted from the gross power absorbed, and the power 
actually absorbed in the production of current only considered, as is usual in determining the 
efficiency of dynamo-electric machines, 

li:?!5-.8189* 
13^- ®*^^' 

or 81 *79 per cent, of the absorbed power is converted into current. As before, 84 per cent of this 
current appearing in the arcs, 81*89 x * 84 = 68*72 per cent, of the entire power is absorbed in the 
production of current, present as heat and light in the sixteen arcs. 

In Rapieffs lamp. Figs. 1167 and 1168, the vertical arrangement of the carbons is maintained, 
but inste^l of one positive or negative carbon, each carbon is duplicated. The duplicate parts are 
placed relatively to each other in the form of a Y, and touch only at their ends. Each carbon 
passes through a holder with a small guiding wheel, at about 2 in. from the end. The current 
enters the carbon at this point, and is not carried through the whole length of the carbon. The 
resistance is thus maintained uniform. The electric arc is produced between the upper and lower 
pairs of carbons ; and the position of the carbons is determined by the intersection of the two axes of 
the carbon rods, so that a constant leneth of arc is necessarily consequent, whatever may be the rate 
and irregularity of consumption. "E&m carbon rod moves freely between guides in the direction of 
its length, and is drawn throngh these guides by a cord and weight, to form the apex of the Y with 
the other rod. The motion is stopped by the two carbons impinging against each other. The 
plane of the upper pair of carbons is at right angles to that of the lower pair. Fig. 1167 is of a lamp 
thus constructed. When the current is interrupted the lower pair of carbons is kept in contact 
with the upper pair, by the action of a light spiral spring placed in the base of the lamp, and acting 
through a vertical rod passing up one of the pillars. To the ft'ee end of each of the carbon 
rods is attached, by a screw clip, a silk thread, which, passing over pulleys, is attached to a wei;?ht 
sliding up and down the two pillars. This weight teudi to draw tne carbon pairs together. The 
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aunent wtsbliahed, the lower pair of oarbona u drawn ayiaj tmn the upper by the actina of the 
electio-magnet, in the base of the lump. Fig. 1168. The electro-magnGt isin twoparUjOneor whiob 
is fixed, wliile the other u hinged, bo that the passage of the omrent through the ooils caiiaea the 
hinged luagnot to appiosch the flxed one, lift the tiliding rod, and eeparale the carboni. The base 
of the lamp oonlainB bIdo an aubiinatio shunt, whioh throws into the circuit a reeUtaoee eqniTaleDt 
to that of the arc, when the lamp is eitinguished. When the oarrent oeaeee in the coila of the 
electro-magnet, the annatare is leleaaed, and fulU back against a flied contact piece, introducing 
into the circuit an artificial resistance of carbon. 




Fig. llCOiaofanotber furmof RapietTs lamp in which the two peire of carbons arc arranged 
Bide by aiJjj, instead of verticall; above eaoh other. Aboye tlie arc is a cake of lime, which servM 
to reOt-ct the rays, as well as to maintain theilluminatingpowerdnringmomenlary cessation of the 
current. These lanips can be employed with einreDta of single or alternate direction. In one 
insUnoB, the pairs of carbons are equaUy consumed ; in the other, the positive oarbous have to be 
"^^"'08 a« long as Ihe negative carbous; and in either the pomt of iuterseclion nf the axis of the 
TOrbons.andconseqaently of the length ottheBrc, must remsin constant Sii of these Umps have 
P^u^ "" " ''""^'^ circuit, but no data are avuilable as to the power absorbed for light 

Hedge' sbimp, Fig. 1170, somewhat similar in form to BUite and Edwards', differs in that the 
voltaic are is automaticallj adjusted as to length. The carbons are free to slide in tubes or guides. 
Xho two cla:tro>iM thus arranged meet at anaugleon aciroulnr block of refractory matoi^, such 
aeiimo. v/hun the circuit is esfciblished, the arc is caused, by the separation of the two carbon 
points by Bu electro-magnet placed in the circuit of the lamp, and shown attached to one oTtbe 
guides The block of lime is made to reTolve either by gnivitutiou of the carbon, or preferably by 
a tmall motor. Ill order to remove tlic ash of Ih. carbon. Aa the lime block beoomm intonselT 
healed the light ia maintained steady. 

.11 1;;?"''",'^ totrodue^d a form of lamp, in which the action of gravity U dUpeneed with, 
?„mTr, * ^fl','*"'-?!.'' I' '^'^'' ***'"» ^--ployed- Clockwork or an aeolri^motor i^ise. a bar, 
.". i" lf"r'*' "'!? tte carbons, to revolve. The motion is imparted by bevelli'd wheels to 
T» wmcn canse the carbon comers to revolve, and to carry tlie carbons, arranged horixontallj, 
Ti,= -a i^u the carboiu about 2 iu. from the cud of the oaibon point. 



gradually forward. The a 
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redDcing; the leeUtenoe to tlint due to thU length <rf Cftrbon, iiute*d ot filing thkt ot the whole 
lenrth aa in many BTsIema. 

IiontiD'B original lamp is a tnodifiestion of that ot Senin, and oonaiEta in mbetihitine for the 
elcctro-iaagDet a metallio bar, ■□ airaoged that iti eiponaioD, under the heat pToduaed by the 
pawage of the mnent throngb it, causea the aeparation of tlio eaibon pointi. In another form, 
Lootia inTerts the action of the Serrin lamp, cauaing the corrcnt to be interrupted where, in the 
ordinary form, it was continuous. 

In Thomson and Hoaaton's ayitem, one or both of the ooiboa electrodes Me ciused to vihrala. 
The elocttodee are placed at such a distance apart that, in their motton towards each other, tliej 
touch. These vibratioos are made at ench a rats that the effect of the light produced is oontinuona. 
A QeKible bar, b, of metal, Fig.lITl, Is flrmlj attached to a pillar ji, wiil, at the other, bears an iron 
armature, a, placed oppoeite the a4i»ilahle pole-pieoe of the eleotro-magoet m. A metal oollar c anp- 
inrts the negatiTe electrode, and an arm J the positiTe electrode. The pillar ji is divided h; insola- 
tion at i, into two sections, the upper one of troich oonTeys the onrrent (hm the podtive tenninal 
to the arm j and the rod B. The magnet m is placed lu the oimoit. When the current oiroolatee, 
the armature a is attracted, and the electrodes sepanted ; on the weakening of the corrent the 
elosticitj of the rod b again restores contact During the movement of the ne^tive electrode, 
dooe it is caosed to oconr nuuif times a second, the positive electrode, though partisll; free to fall. 




eannol follow the rapid motions of the nega- 
tive electrode, and therefore does not rest in 
permanent oontact with it The slow &1I ot 
the positive electrode is ensiired b; propOT- 
tioning its weight The rapidity of movement 
of the negative carbon may be oontrolled by 
means of the rigid bar (, wliich regulates the 
length of the vibrating arm. 

In Older to prevent a break from oecnrring 
in the eircoit, when the eleotcodee are oon- 
sumed, a bntlon, u, is attached to the upper 
extremity of the rod B, at sueh a distance that 
when the eorbong are conaumed as much as is 
deemed deeitable, it comee into contact with 
a tripping lever T, wliioh bUohs two conduct- 
ing f)lugs, attaclied to the bar b, to ibll into mercury oupa, attoohed to the poeilive and negative 
terminals by a direot wire. 

The object of the vibration ot the electrodes in this system is to aid illominalioD by the extra 
spark, as well as to lielp the formation of a voltaic arc that ie practically contmnous. 

In the Watlaoe-Fanner lamp no carbon rods are employed ; the carbons take the form of two 
platea. Fig. 1172, tach about 9 in. long and 3 lu, broad, the apper or positive plate being double the 
thickntss of the lower plate. The lower plate is fixed, but tiie U[iper plate slides in a grooved 
frame. Above the frame an electro-magnelio apparatus provides for the separation and contact of 
the plates, as the strength of the curreat ma; regiUute. The arc, always seeking the position of 
least resistance, shifts from point topoint between the plates, as these are consumed. The plates 
are sufficiently large to la-t tor a hundred hours, and six of these lumps can be burnt in a single 
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due to inoandeaoenoa of the catlran, but H. Werdemuui 



Ifa&t repulsiiiD betwoon the carbon ro.I and dl«c giree a BTimll 
tLTC, wbii-h adds greatly to tlie brllliuu^ of the U^hL 

Fig. 117* IB of Reynier'B lump, different in constmctioo, 
bat similBr in piinci]>le. The carbon rod impinges on a 
ciiibon vbeol, the rcvulutiori of wliicli ia maioliimal either 
from the ractwork of tlie deiscending ciulmii holder, or from 
the tangeulial component of thepresnureof the carbon poneil 
on the cirouroforence of the diao. A btako ifl eni|jloyed for 
retarding the full of the carbon rod, nod is operated entirely 
through tlie tod. The contact wheel u carried bj a lever ; 
the pre«aure eiE'rted by the carbon on the wheel oiusbb a 
shoe to preas on tho face ot a wheel, which is ruvnlved by 
aeana of the weight of the lioHvy rod, through it« rack nnil 
piuioa. Acoordingly, oh the point of tJie luminoua cun- 

duotor pasaea more or less heavily on the diac, tlie brake will proporttonntcly retard the dencent of 
the heavy carbon holder. Contact ia eatabliehed, not at Ihu end of the carbon holder, but by a, 
lateral apring contact, about } in. from where the carbon prcBitea on the wheel, 

Andr^B lamp ia auitable for lighting mines, but may be applied to other pnrpoaca. In 
Figs. 1175 to 1177 <i a are four carbon rods, and b b fuur copper tliscs, each having a amalt 
piece of iridio-platiDum let into the point upon the rim touched by tlio roda The carbon roils 
a are ettoloeed in tubes A, eliding easily, and are lightly pressed down by small Inose weights. 
J is on intervening button or guide pieoc in which the upper end of Ibe ctirhon is inserted. 
By means of a commutator, one of Ihe onrbons only ia kept in a state of incandescence at a time, 
ktid when that one is inoperative, the neit carbon ia automatically rendered incandescent To 
prevent wasto of the carbona, and as regaiila mines aLo to prevtnl fire-damp explosions, the carbon 
rods a are enclosed in a glats cylinder 0. As the oxygen ia oonaumed by the combualinn of the 
carbon, the rato of weating of the latter ia gnidually Icasencd, and in the course of, siiy, half an 
hour, the enclosed atmoaphtre will consist of uuly nitrogen and carbonic acid. 

The discs 6 are couuected together by a central bar t, and the two outer discs b arc, by s>-rcwa 

/.pivoted occentrio >..«..., .. ........ ^ ... 

the discs b. The e 

the standards D, ar 

serves to press the carbon against the lower p 

against the carbon is hollowed 

eanae the c ' ' ■ -■- - 



centricaily to the bracket K. The uegative pole ia bv the bracket F conueited lo 

The encloaing tubes A are for thia purpose connected to tlie positive polo Ibrout-h 

s D, and have each at Ihe lower end a levi'r ^, the outer and lioavier end of which 

■n against the lower purt of the lube A. The part of the lever ooniinfr 

iwed out BO as to partly cnibraee it, t<) pro^luoe good electrical coDtnct,and 

Ibe enrbon from both aides, Tlie carbon in bnmiug away leaiej a sili- 
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oenuB dfipciit on Uie metel dUo on wliich ft reats. This depotit oaoBCS owftslonal Boddea eitinotion 
of tlie light b; iDtemipUng the camnt ; Koother csue of txlinctloa ia tho Mflcning; to ■ puty 
couaJBteiicT of the loirer part of the carbon, caming thia part to wlh'Te (o (be tube kt the place t^ 
conlHct. To obviate thew diiadvantKgea, a taming acticiQ U impwtfd to theiJi«a 6. E is an eleotio- 
magnetic oore. with coila raaud it cuDnected to tlie bnickt't F aiid to iiDv of the outer rnda, for the 
return of the corrent. The aruutlure t) of thia electro-magDet in fixed to the oeiitnl bttr e of the 
diacM i; H i* a itopper for prOTentiu); the armatura Q from receiling too for from the oore E; K ia 
a atnppa on the oppoaile stde for prav«nling the aimatiire ^m approttching too near to the 




elei'tro-magint, and which may bIbo be providu.! wilh a coil, 
roHLCcled to tire rud 1 for the n-tora current, but shorler Ihtiu 
the coil on tlie core E ; thus producing less rotlatnnoe to thn 
curreni, and cauciiig a sro.dl part only to act on tlie clettm- 
niftgiiet aller the armiilnte hna been attracted. 

When the current pabea through the oniU of the aloctro- 
tnBgnct, the nrmature u attracted, and the cnrbons are pullecl 
over into good contiict with the lower en.lg i.f the tubes. The 
larger iwrtioQ of the current ia shunted thn.ujjh tlie slop K ta 
the tirmicttl t.d I, in ordir to IcsBcn the ntlraclive force of the 
eloctro-mugnei, and to diraiiiisli tlio naistitnce. In case the 
current is interrupted at the place uf inenuilescence, tUe arma- 
ture G is let go tnitn llie p.isitii.n ahown, and a spring A then 
turns the acentrioilly inounti^ discs slightly in the direction 
,1,^ of the arrow, causing the disc to rina a little, and the carbon, if 

stuck, to bu released, and any Bilioeaus deposit on the dlsea 
pu-hod nwiiy by the carbon point. When tlie circuit has boeu restored, the onoalure will be 
attract! d ugidn, and the discs turned into Ihtrir former pocition. 

Tba commutator. Fig. 1177, conibinea two or mcire eleclro-niftgnela A, B, and C, with their 
rcspecLive armatures o, b,c, in such a manner that, when the oonuection tu one of tlie carbons in tlie 
lump is interrupted, the correspuoding electro-magnet releases its armature, and this then serves 
' " ■' I curn-nt through the electro -magnet corresponding to the next carbon, causing it to 
number of tleclro- magnets is one lew then the number of carbons. 

nature when not attrnclod forms ooiitacl with a pillar A', B', C. respectiTely. Supposing 

there arc four carbons, one of which only is lo be alight at a time, tlio current passing first throngh 
the coils of an olectro-magiiol A, placed between two otiier electro-maguets B and C ; the armature 
o of the middle magnet A being attracted, will be drawn away from a contact A' connected to the 
coil on the top magnet C. and the wire connection from the middle magnet A to the coil of tlie botlom 
miignet B, will cause llie armature b at this magnet to be attracted, and drawn away from the 
contact B' o-innecttd with the binding screw 2 for the second carbon. 

'llie coil on the bottom niE^et B is connected to the terminal binding screw 1 for the first 
bottom oarbou. If thia carbon becomes inoperative, the nrmnturo 6 for the botlom magnet B 
will by its spring b' be pulled over against (he contact B' in connection with the terminal binding 
•crew 2 connected with the second carlwii, and no current will pass through thu bottom or top 



light. The I 
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electro-magnet ooils B and respectively. When the second carbon becomes inqperatire, the 
armature a of the middle magnet A is let go and comes against the contact A'. The armatare c of 
the top magnet G is then attracted, and the cnnent passes tbroagh the armatore a of the middle 
magnet A' through the coils of the top magnet G and to the termti^ or binding screw 3 for the third 
oaroon, and so on. 

P. JablochkofTs electric candle consists of two cylindrical carbon rods, about ^ in. diameter, each 
weighing about 8 grains an inch. These rods, varying from 6| in. to 10 in. in length, are placed 
vertically side by side, with about ^K in. space between them, which is filled with plaster of Paris. 
This combination constitutes a canale, and it is inserted in a holder, Fig. 1178, and there held 
merely by a spring clip. To complete the circuit and to start the lighting of the candle, there is 
laid horizontally, from top to top of the carbon rods, a small piece of graphite or lead from a drawing 

1178. 




pencil. When once lighted, combustion is maintained by fusion of the plaster uf Paris, and the 
candle, if once extinguished, cannot be relighted. The fusion of the insulating material is found to 
absorb about 30 per cent, of the electric current. The relative consumption of carbon on this system 
is shown by the following table, where the first light is obtained from a constant current system, 

and the second from a candle ; — 

Table VII. 



Light 
InCMidlei. 



705 
760 



Length oonsnmed 
In Inches an Hour. 



815 
80 



Approxfmate 
Weight in Undns. 



20*3 
7-5 



Grains of Carbon 

an Hoar for Oandle. 

power of Light. 

106 
0-060 



But with a light of 1230 candle-power from a continuous current system, only *062 grain of carbon 
for each canme-power of light has been consumed an hour, showing the advantages of the different 
systems respectively. 

Fig. 1179 represents the arrangement of the lamps and machines upon the Jablochkoff-Gramme 
system, usually employed with the Jablochkoff candle. To effect the ignition of a fresh candle, an 
automatic arrangement has been devised, which consists of a pivoted bent lever pressing by a spring 
against the side of the candle. This lever at its other end makes contact with the connection of a 
second candle, when released by the consumption of the first. 

The objections to the Jablochkoff cnndle on the score of difficulty in relighting, and loss of current 
consumed in the fusion of the insulating material, lead De Meritens to place between the two carbon 
rods, but not in contact with them, a third rod, of about holf the diameter, instead of the insulating 
substance. The electric arc plays from the outer carbons to the intermediate nxl, which is con- 
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•omed. The an thus divided has leas probability of total extinction, and reqnires lower expendi- 
ture of power to produce, as it has less distance to leap. 

Bapieff*s candle lamp, Fig. 1180, is a retnm to mechanical aid. There is no insulating material 
between the carbon rods, and their distance apart is regulated by a screw. The holder of one of the 
oarboDs is connected to the armature of an electro-magnet concealed in the stand. When no current 
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is passing, the upper ends of the rods are brought into contact by a sprine, attached to the armature 
of the movable carbon. When a current passes the armature is attracted, and the carbons are sepa- 
rated to the distance necessary to produce the arc. Upon interruption of the current the armature 
is released, and the circuit again completed. 

H. Wilde's caudle lamp is similar in principle to the preceding, but includes an automatic 
switch, which by means of a spring brings successively into play a series of lamps as the consump- 
tion of carbon regulates, the temporary cessation of current releasing a table upon which the 
lamps are fixed. TMs table revolves, and brings into contact, with the conductors, another 
lamp. 

The production of the electric light by the incandescence of a badly-conducting substance, has 
been regarded by electricians as presenting the most simple and advantageous system. But there 
are difficulties attending the plan not apparent at first sight, and the chief is choice of the material to 
be raised to incandescence. Metals are subject, even platinum and iridium, to accidents] fusion by 
sudden increase of current ; carbon, althongn infusible, oxidizes when heated in contact with air, 
and has to be renewed. Means of removing the air, and maintaining an atmosphere free from 
oxygen, have not been carried out in practice. Platinized asbestos, finely di?ided oxides, plumbago 
mixed with kaolin, have been proposed, but these substances have not hitherto given satisfactory 
results, becoming brittle under the influence of the intense heat, or otherwise suffering change after 
short periods of use. 

King, in 1845, first proposed the use of a carbon rod, which was supported between two blocks of 
carbon, in a glass vessel from which the air had been exhausted. Lodyguine, in 1873, re-introduced 
the system, diminishing the section of the carbon at the luminous point. 

Konn's lamp contained two carbons, the second being brought into use when the first was 
consumed, by the simple expedient that consumption of the first allowed a trip hammer to fall into 
contact with the second. 

In Bouliguine's incandescent lamp, the carbon rod was forced upwards by a counterweight into 
the clip-jaws of an upper holder. When the current ceased, an electro-magnet released these jaws, 
allowing the broken carbon to fall out, and its place to be supplied with a new length of Uie rod, 
under the upward action of the counterweight. 

None of these lamps are now in practical use ; but a modification of the system has been adopted 
in the Sawyer-Man burner in use in America. In this burner the incandescent portion consists of 
hard wood-charcoal quenched in oil, by which a very dense steel-like carbon is obtained, through the 
condensation of the carbonized oil in the pores of the heated charcoal. 

Fig. 1181 is of T. A. Edison's incandescent lamp, in which fusion of the platinum coil, used as 
the bad conductor, is prevented, by shunting the current when too intense, by the expansion of the 
coil itself,, or by its radiating effect. The spiral A is connected to the supports B and G, and is 
surrt>unde(i by a glass cylinder. K is an expansion bar, fixed firmly above, and attached also to a 
lever F, which can connect electrically the two conducting supporto B 0. The rod K will expand 
in proportion to the heat at the coil, and, if the heat becomes too high, injury to the coil is prevented 
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by the expansion of the rod K oansing the lever F to dose the oiieoit at I, and short oiraull 
the current from the ooil A. Immediately the rod K oooIb, the short oirooii ia withdrawn. 

Whether the nse of carbon or of platinum is the more economical has yet to be determined. 
Ayrton has shown that light should be maintained in a carbon rod by a minimum eleetrcHmotiTe foroe 
of about half a Danlell's cell, whilst one-third cell only is required for platinum. But the same 
quantity of caloric raises the temperature of a small bar of 
carbon, to a degree nearly twice that attained by a platinum 
wire of the same dimensions. The resistance of the carbon 
is about 250 times that of the metal, so that a carbon rod may 
be fifteen times thicker than a platinum rod to giye the same 
result 

The maximum light attainable in practice in any system of 
incandescent burners appears to be or 250 candle-power. Be- 
yond the temperature necessary to produce this amount of light, 
the fusion of the siliceous impurities in the carbon affords 
much difficulty. Economically considered, when the light 

CBS that of 100 candles, the system of incandescence rapidly 
mes disadvantageous, as compared with that of the arc, 
whilst the use of the are becomes cheaper as the light-centre 
is more intense. 

Ayrton has also remarked, that the insulating material in 
the Jabloohkoff electric candle owes its imperfect success to the 
&ct, that when it became heated, the resisting power was greatly 
diminished, so that there was a great loss of current tnrough 
leakage from one carbon to the other. Wilde shows that the 
employment of this insulating substance is needless, for when he 
. used a Jabloohkoff candle with only air between the carbons, 
the electric current passed from carbon to carbon, at the top, 
and not along the whole length ; aod further, if the arc were 
started, by means of a wire placed and withdrawn, at any other 
part of the parallel carbons than at the top, it immediately proceeded to the top, at which place 
alone it continued to shine. 

Wilde attributed this curious effect to the oonyective action of the heated air, considering, in 
fact, that the air was blown up to the top of the carbons, very much as a lighted piece of paper is 
blown up a chimney. Ayrton hss shown, that while conyection of the air greatly assisted the 
action, the fact that the arc would travel downwards if the lamp were inverted and lighted at the now 
upper part of the carbons, near the metal carbon holders, proved that the cause of the motion was 
not only quite distinct from air convection, but was sufficiently strong to overcome such oonvectioD, 
and that the explanation was, that this motion was caused by the repulsive action between the 
currents in the carbons, and that constituting the arc itself, in accordance witti Amp^'s law* 
concerning the action of a current on another at right angles to it. 

With considerable experience in the practical manipulation of most of the systems for electric 
lighting, P. Higgs has found that some systems presented considerable, and that others of more 
delicacy of adjustment, necessary to practical employment, gave insuperable, difficulties. These 
difficulties arise chiefly from three causes: that the carbons are not homogeneous, the current 
inconstant from variations in the resistance of the circuit, and generally firom the want of prompt- 
ness in the mechanism of the lamp to respond to the variations so caused. Must of these electrical 
apparatus have been devised either with too broad or imperfect views, or with onlv special appli« 
cation. In the case of carbon holders carrying 7 or 8 in. of carbon to be consumed, the resistance 
of this amount of carbon, if the material is not of the highest quality, is likely to exceed that of 
the arc and lamp itself ; and this resistance, constantly varying, has to be compensated for by 
the mechanism of the lamp. This imperfection has been avoided by Bapiefi^ Werdermann, and 
Lontin. Some inventors have recognized it, and have proposed, as a remedy, to electrotype the 
carbon rods with a conducting metal ; but the practical electro-metallurgist is cognisant of the 
difficulty of obtaining regularity in such deposits of metal, and the expense of the coating is, 
besides, to be tf^en into account In each case the long lengths of carbon become heated, and 
with coppered carbons, the mass of metal is insufficient to carry away the heat generated by the 
passage of the current. 

The first aim of the electrician who has to maintain an efficient and steady light is, undoubtedly, 
to obtain as constant a current as it is possible with either a battery or an electric machine. Battery 
currents vary, as a rule, very gradually ; currents produced by mechanical motion are subject to the 
irregularities of that motion. The slip of belting, the beats dne to want of balance in the flywheel, 
are represented in the dectric current with too much fidelity for the comfort of the electric-light 
engineer. But with care these causes of irregularity can be avoided, and the needle of even a 
delicate galvanometer, interposed in the circuit of a well-set machine, driven by a steady motor, 
will remain fixed at a degree of deflection representing the current strength. 

But this steadiness vanishes immediately the electric lamp is introduced into the circuit, so far 
as the light is concerned. This occurs partly because the lamp is, as regards the light it emits, a 
much more delicate current measurer than tlie galvanometer. The light power from the carbons 
of an electric lamp depends not directly upon the cnrreut strength, but iocreases or decreases far 
more than proportionally. 

The heat produced by the current varies as the square of the current strength, and the light 
varies in some such ratio as regards the heat. Thus, a variation in current intensity, hieasured by 
the number 2, may be considered in illustration as causing a variation of 16 in the light intensity. 
It is, therefore, needful to avoid causes of variation in the lamp, for these, it is evident, will have 
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. . in the ciniQit MDMe more 

Teraelf. If tbe motor, in coiuequenoe, moDientaril; ■) 
•BTcr&l moiDeDti before the aame conditioni, u eziitad before 
the dutntbuicea, are again eMabliahed, and the larf^est of 
then TuiatioDB are eeriainly viable at Tuiationa io tba 
light. That mnrt of theee rariatiODi are dne to reaotioii 
from ntrialionB in tlie lamp itself, Is proTod b^ the superior 
iteadioBia of the l^ht produced on the principle of vacma- 
deaoenoe aloiie. This laet bu cauaed manj invetitois to 
orerlock the coat of tbe light prodoced merelr b; Ioobq- 
deacencc^ and to avoid in their lampe the ose ot the voltgio 
are. with what appeaia to be its neoewar; attendant irr^u- 
larity. 

Higga's lamp, illnatnted in Fig. 11B2, ii an attempt to 
«T<»d as mnch ui poedble oanaea of inegalarity, and at tbe 
game time to piodace a light with small eipenditoie of 
power. It ntilizee the priociplefl of incandesoenoe, of the 
are, and of Ihe estia apark. It eonsiita of an electio-magnet, 
in Eaoe of which ii an armature nkountad on a firing. The 
armature cairiw a bla<^ of carbon, iron, or componnded 
material as a negstire electrode, which is not ounsumed, or 
■a eonsnmed with extreme itowDeas. The positiTs eleotiode 
■aaearboQ rod, carried ina tobeand fallipg with aoertaia 
friction imposed b; a weighted larer, whion admits carbon 
rods of seretal iiiea to be iotrodnced, as maj be beat snited 
to the strength of the cnrrent. Tbe falling of tbe aitbon 
eaa be aided bj a weight or upriog. Tbe distonoe of tbe 
bottom of tlie tnbe from tbe ncgatiTa electrode cad be 
adjusted, and limits tbe length ol carbon rod rendered 
inoandeaoent by the onrreiit. When the cnrrent pMBca, 
through the positiTe carbon coming ioto oontaot with the 
negstire electrode, the Bnoatare ia attracted, and tbe vollaio 
arc aod eitra spark appear; the otirreot, weakened by thia 
action. lailB to keep Uib armBtnre attracted, aod in this 
manner constant vibralioD of the u^atirc electrode is 
eetaUished. This vibration is imperceptible to the eye. 
Its niJTantuge, bejond that of produoing the extra spark, 
which spark itself appean to afford aid in maintaining tbe 
voltaic arc, ia that tbe armature has no dead point, and 
floats, aa it were, above the electro-magnet, in a condition 
to reapond promptly to magnetio effects cansed by larger 
increments or decrements ofcurrent atreneth. 

It is preferable to plaoe an insulated apriog between 
the end of tlie frlctiun-lover and the armature, instead of 
the weight on the end of tbe lever ; the carbon rod is then 
allowed to fall freely when required, and as released by the 
riai^ of the armature. 

With Ibnr ordinary Bnnaen elementa, snfflcieut light 
has been obtained to iltnminate a shop 60 ft. by 10 ft. ; 
and upoD the single drsuit of a dynamo-electric machine 
absorbing 2i borse-power, four lights, of about 100 candle- 
power eacb, have been obtained with suffloient steadiness to 
read by with comfort 

TeltpAaia. — Probably the earliest instrument devised for transmitting sound by the agency of 
electricity waa the musical telephone invented by P. Eeia, in 1860, who afterwards introduced the 
improved form. Fig. 1183. _ The instrument is in two parts, a transmitter A, and a receiving 
instrmoeut B. Tbe transmitter has a membrane S, stretched over a ciienlar hole at the top of a 
cubical bos A, in front of which, and opening into it, ia a mouthpiece H. The membntne vibrating 
in uoiaOD with the impulses it reoeivea from musical sounds playai DCajr it, transfurma those impuleea 
into a aeriea of electrical currents, by a simple make-and-break arrangement g. and theee currents 
acting on tbe reeeiviiig inalrument, nhioh may be hundreds of milea distant, reproduce tlie corre- 
aponding notet, ao that a toue played at one station can be distinctly beard at the other. 

Rei^ receiving inatrument is founded upon tbe phenomenon discovered by Page in 1837, that 
a distinct soutad accconpaniea the demsgnutization of an iron bar, placed in an eleetro-magDotio 
helix. It consists of a soft iron bar about the size of a kuittiiig needle, surrounded by a helix of 
wire, which forms part of a voltaic circuit, including (he battery B, with the transmitting 
Inatrament ; aud, tor intensifying tbe effect, both inatmmeuta are provided with sonnding- 

When notes are sounded into the mouthpiece, tbe membrane is throws into vibration, and a 
platinum plate, attaohed to its centre, makes and breaks contact with a contact screw, and in so doing 
completes and interrupts an electric current which traverses the receiving instrument, the bar of 
which becomes magneliied and demagnetiEed at esoh compUte vibration. By this means, tbenole 
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wuDded into (he tcsDonlttei U Tepiodnoed by the Koeivei, the kctioDof the two iiutrnmsnti b^ng 



Varley devised a niuBLoal telephone, nang a tnniDgtbrk, in oonjnnction with an electrical ooif 
donset, to trangmit libratory ctirrenta to a diataot etation, and there to reproduce musical Mnmda. 

P. Iacoui has ooQBtnicted a remarkable instronwot, tenned a phonic wheel, wbioh ii nuoeptibls 
of >ii»Ti J ii^portant npplic^itiona. This wlieel, which ia in raality a tmall electro-magnetio ma^ioe, 

I. _ -'-inged that, WD-" "* ■" ' — '■"" 
I 

phone^ it obtaina a petft'otly nniform 
lotary movemaat, which in not interfered 
with br external mechanical reaction 
not Bufflcientiy powerful to arrest it 

Fig. 1 184 IS of the phonio wheel, oon- 
eialine; of a toothed wheel of soft iron, 
movable abont its axis, facing which is 
placed a straight electrD'megnet, eo that 
one of Its poles, when eiciled, reacts 
upon the tettb witliout eontect, Himilar 
to the action of electro-magnetic ma- 
chines having a direct mavemeDt of 
rotation. If a seiies of currents having 
M^nal dimtion and intervals, as trans- 
mitted by an electro diapason, be sent 
throDgh the electro-magnet, the riaoiion 
of the latter upon the teeth results in a 
aeries of attractive effeots, which can 




cated to the vhoel, and reoderine this 
perfectly uniform, when the Tepidity of 
rotation is anoh that the wheal traverses 
in each period occupied by a current, a 
apace equal to the distance between Uie 
ooDsecntive teeth. Currents thus trans- 
Bitted are distributed by an electro- 
diapason or telephone. Fix. 11S5, which 
ooDsist* of a tttning-lbrk placed horizontally, with ita stem piojecting throngh a wDodeu 

The position obtained at each movement by this wheel, is such a function nf the times as can be 
designated as mobile equilibrium. The reality of its eiiatence can be proved by slightly nrging or 
retarding the wheel in its moUon. If the movemoot he opposed, the attraction wUl accelerate it 



more than retard it. If the Teloeitr of the wheel be augmented, the retarding action will be greater 
than the acoelerating action. Thns a slight deviation communicated to tlie wheel in mtber 
direction is compensated and rendered valueless, by reason of the oom^nsnting attractions ; aud tha 
mobile equilibrium constitutes therefore a condition of stable equilibrium. 

Lacoiu states, if an electro-magnetic diapason is caused to react upon a current traversing th« 
eleotra-magnet of a phonic wheel, this wheel, when onoe it has obtained a movement whioh causea 
one tooth of the wheel to pasi la front of the cleatro -magnetic polo during each electric wave, irill 
preserve a position of uniform movement, which can be termed a regulated movement analogous 
to that of repose of the wheel when one particular tooth is attracted in the direction of the pole. 
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If the pboDio wheel be travelling with ft regulated motion^ and an external fbroe tends to slightly 
deyiate it nom the position of mobile eqnilibriom, the phono-electric cnrront causes it to return to 
this position. But if this force remains constant, the wheel, still proseiring its velocity of rota- 
tion, will find another position of mobile equilibrium, which will aepend upon the force and its 
direction in reference to that of the rotation. It is this constancy in the velocity of the phonic 
wheel, despite external forces, that permits of its application to chronographs and to apparatus in 
which a synchiODous motion is necessary. These forces must not, of course, exceed a certain limit. 
If the external force exceed the limiting value, the mobile equilibrium is destroyed, and the 
velocity of the wheel accelerated or retarded according to the dinsction of this external force. The 
maximum mechanical force measured is 1 kilogrammetre, =7*23 foot-pounds, a minute. 

There are other velocities at which the phonic wheel may be, and may maintein itself in 
a position of mobile equilibrium. If the wheel turns with a velocity only half that which 
corresponds with the regulated movement, so that one tooth passes the pole for every two waves of 
the phono-electric current, the relation of each tooth to one of the two waves of the phono-electric 
current, will be exactly the same as that when the wheel is regarded as in regulated movement, 
and this wave maintains the stabilitv of the mobile equilibrium, which might be maintained by the 
other wave, if the magnetic pole and the teeth of the wheel presented a sluirp angle. 

The phonic wheel can maintain itself in rotation with velocities which are the nearest 
sub-multiples, or multiples, of the velocity of the regulated movement of rotation. At all velocities 
the phonic wheel turns equally well in either direction. 

The phonic wheel is susceptible of a uniform velocity only between certain limits, by reason of 
the frictions and external actions to which it is subject. The limit depends upon the construction 
of the wheel, and its extent is small, if any electrical conductors capable of influencing the wheel 
by induction are in ite locality. Lacour has experimented with some phonic wheels, which work 
only With a velocity determined by 100 waves a second, while others work only under the 
influence of a phono-electric current giving 600 waves, in the same space of time. 

The angular velocity of the phonic wheel depends, not only upon the acutenees of the sound 
emitted by the vibrating apparatus, but upon the number of teeth. Lacour has tried wheels 
having 18, 20, 24, 30, 36, 60, and 100 teeth, and obtained with sll a regulated movement under the 
influence of a rather acute phono-electric current, without being able to decide which number 
produced the movement with the greater certainty. Wheels having a small number of teeth are 
more difficult to set in motion, having a greater velocity of rotetlon. Lacour shows, with regard to 
lineal velocity, that a phonic wheel with eighteen teeth, in which the distance between the median 
lines of two adjacent teeth was 20 millimetres, can turn with an interrupted phono-electric current 
giving 245 waves a second, which gives, as the lineal velocity, 245 x 21 mm. = 5m. 145, or about 
20 kilometrt'S an hour. The phonic wheel is of great value when a high constant velocity is 
required. It is applicable as a counter in measuring the velocity of other movements, it being 
simply requisite for this purpose, to cause the wheel to act synchronously with these movemente, 
and as it is provided with a registering apparatus, the velocity of the movements can be easily 
determined. K the velocity of a wheel in a machine is required to be determined, a toothed wheel 
is fixed to the axis, having the same number of teeth as the phonic wheel, and the former is used as 
an interruptor, the phonic wheel movmg synchronously with it 

If the velocity to be measured is too great to allow of its corresponding with that of the phonic 
wheel, a groove can be made in the axis, allowing of a contact at each revolution, which wiU be 
denoted by a single tooth of the phonic wheel. 

When used as a counter, the phonic wheel moves equally, thus ofibring at a distance, if neces- 
sary, a correct representation of the movemente of the machine ; it never misses, as it is impotnible 
that a single tooth of the wheel should be passed over without the wheel stopping altogether, and 
it can count with greater rapidity than any other rapid counter. 

One of the most importent applications of the phonic wheel is to telegraphic systems requiring 
perfectly synchronous movements, such as Hughes' printing instruments and Meyer and Baudot's 
multiple telegraphs. For this purpose a support carries on ite upper portion an ivory wheel, in the 
surface of which are sunk sixty equidistent and insulated metallic plates. These plates are con- 
nected, by means of condnctiog wires, to sixty biuding screws fixed to the base of the apparatus, 
where they are srranged in two circles at different levels, so that the plates communicate alter- 
nately with an upper and a lower biuding screw. These plates have a smooth surface, on which slides 
a revolving friction piece, mounted on the axis of a phonic wheel with thirty teeth, which is placed 
beneath the brass disc concentrically with it. To the left are seen the poles of the acting electro- 
magnet, which traverse the support of the apparatus, and are brought into proximity with thephonio 
wheel. At the sending stetion the diapason transmite phono-electric currente to the electro-magnet 
of tiie phonic wheel, and the revolving wheel, touching in succession all the plates, sends alternately, 
through the line wire, the currente of two batteries, which being connected with the even and odd 
plates bv poles of opposite sign, furnish charges alternately negative and positive. 

At tne arrival station, these currents, after having traversed the electro-magnet, and set in action 
the electro-magnetic system of the phonic wheel, are conducted to the support of the latter and to 
the friction piece, which transmite them to the plates, and causes them to pass to earth. In traver- 
sing the electro-magnet, these phono-electric currente maintein in synchronous and continuous 
vibration the diapason, which viorates under the same conditions as the diapason at the sending 
stetion, and which causes the wheel at the arrival stetion to turn synchronously with the other 
wheel at the sending stetion, and the friction pit-ce passes over the plates at the arrival stetion, 
exactly at the same moment as the other friction piece passes over the corresponding plates at the 
Bending stetion. 

The negative and positive poles may be separated, and made to produce the effect of distinct 
currente in opposite directions. If the odd plates be placed in contact with a galvanometer, before 
the circuit is put to earth, the series of negative waves will produce a continuous deflection in a 
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determinftte direotion, opposed to that of the defleotioQ produced by aiiiiilarly oooneoting the 
plates to earth through the instrameni 

By aoting upon the eleotro-magnet of the phonio wheel at the arriTal station, it is possible to 
obtain a maximum deyiation, which will then indicate that each positiye or negative wave pnssew 
wholly or mainly through the even or odd plates. This constitutes a means of regulating the syndiro- 
nism of the two apparatus, and also one for obtaining the maximum effects of the current 

To bring the homologous plates into connection when the apparatus is adjusted, a commutator 
may be employed at the arrival station, furnished with thirty conductors, wnich are in communi* 
cation on the one hand with the thirty even plates of the phonic wheel, and on the other hand with 
the thirty telegraphic instruments which it is intended to work ; and it is brought successively cm 
to the different contacts, until the currents sent by one of the transmitting instruments airives at the 
receiving instrument with which it is intended to correspond. The commutator, under these 
conditions, will produce the same effect as if the friction piece had been taken by hand to the plate 
with that touched by the friction piece at the first station, at the same moment. It is possible to 
transmit from the sending station, through the intermediation of thirty instruments, signals which 
will be reproduced by the same number of instruments at the arrival station ; and each of these 
instruments can transmit as many signals a second, as the number of revolutions made by the 
phonic wheel in the same space of time. 

This instrument is applicable to scientific researoh, insomuch that if it be necessary to study any 
phenomenon, manifesting itself at a given moment of the period of transmission of an electric wave, ao, 
for instance, the force of a phonic-electric current at differant moments of its emission, the phcoio 
wheel can supply the requisite indications. It is simply necessary to arrange an insulated oontaet 
piece, so that the teeth of the phonic wheel may touch it at the moment when the phenomenon is 
to be observed. By making the current pass through Uiis interrupting system, a derived circuit 
is obtained, which can easily be studied, and which corresponds to that phase of the wave which 
has to be considered. 

On account of its uniformity of motion, the phonic wheel can be employed to measure, or repre- 
sent graphically, the velocity of rotation at each moment of any apparatus or machine. 

Lacour shows that thero aro various methods of proceeding ; one of the simplest is, the axis of a 
phonic wheel maintained in rej^lated movement by means of a diapason carries a thin black disc, 
perforated with eqiud and equidistant holes, arranged in the form of several concentric circles, ten, 
for instance, of which that which is nearest the centre contains five holes, the next ten holes, and bo 
on, up to the teuth cirole, which wUl contain fifty holes. Upon looking down apon a white soifaoa 
through this revolving disc, the droles appear as ciroular zones of a grey colour, and concentric 

The machine of which the velocity is to be measured produces the rotation of a cylinder, which ia 
painted with black and white strines, of equal breadth, parallel to its axis. This cylinder, which 
appears of a grey colour, is situated beneath the disc described. If the machine possesses a velocity 
capable of making the cylinder advance by thirty-five stripes, for instance, for every rotation of the 
phonic wheel, the seventh zone of the disc will show the black and grey bands motionless. If the 
velocity of the cylinder augment slightly, the bands will be seen to move in the direction of the 
rotation of the cylinder, and the grater revolution of the latter the more rapid will seem to be this 
motion of the bands. If the velocity continue to augment in the eighth zone, other bands will 
appear, which, commencing with a rapid motion in the direction opposite to that of the former 
bands, gruduallv slacken, as the bands of the seventh zone move faster, and finally remain at rest. 
The machine will then have a velocity capable of making the cylinder advance to the extent of forty 
black stripes, for every rotation of the phonic wheel. 

The application of the apparatus is very simple. The zone which exhibits the stationary bands 
is at once perceived, and the velocity of the oyhnder is proportionate to the corresponding number 
which is inscribed upon a fixed scale, with which the apparatus is supplied. Should the zones show 
bands apparently moving in contrary directions, the velocity of the cylinder is somewhere between 
those corresponding to these two zones. This method allows of direct observation at any moment 
of the velocity of the cylinder, and of any variations of this velocity. Other arrangements of the 
apparatus allow of numerous researohes on the phenomena of induction, static charges, the velocity 
of electricity, and the determination of geographical longitude. 

One of the most original of musical telephones is that invented by Elisha Gray. It is founded 
on a phenomenon first observed by Gray, that when a dry, thin, metallic surface, connected to one 
end of the secondary current of an induction coil, is rubbed by the hand, while the operator is 
holding the other end of the secondary wire, a sound is emitted by the hand at the point of contact 
with the metal, which sound has the same pitch and quality as that given out by the contact- 
breaker of the coil. Raising or lowering the speed of vibration of this contact-breaker, immediately 
raises or lowers the pitch of the note. From this Gray was led to construct a keyboard containing 
an octave of keys, each of which on being depressed started into vibration a reed, which, while 
giving out the note corresponding to its key, transmitted to the induction coil at the receiving end 
an intermittent current of electricity. With this transmitting instrument the finder of an assistant 
at the other end, vras caused to reproduce whatever tunes were played on the keyboard. 

Fig. 1186 is of Gray's receiving telephone ; in using this instrument the thin metal chamber is 
connected through the stand to one terminal of an induction coil, in cireuit with the musical sound 
transmitted at we distant station, and the operator, taking hold of a wire a connected to the other 
terminal, presses his fingers on the metal surface while he turns the handle with the other hand. 
With this simple apparatus every tune played at the transmitting end is reproduced, and the more rapid 
the rotation the louder the sound, no sound whatever being emitted when the rotation is suspended. 
Graham Bell's articulating telephone was introduced in 1876, and is largely in use. In its early 
stage the transmitting instrument consisted of a horizontal electro-magnet, in front of which and 
perpendicular to the plane of its axis is fixed a brass ring ; over this a membrane is stretched, 
tightened by means of screws ; to the centre of this membrane is attached a small oblong piece of 
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iioii, sitoaied immediately in front of, and almost in oontaet with, the poles of the eleotto-magnet ; 
binding aerewB on the stand of the inatnunent are used to place the coils in oironit with the zeceiving 
instrameni. This was formed of a thick tabe of soft iron, enclosing a vertical bar electro-magnet, 
rather shorter in length than itself, the two being so connected at the lower end that, while the 
central bar nnder the influence of the onrrent assumed 
north magnetic polarity, the tube surroundine it became 
by induction a south pole of annular form. To the top 
of this tube was fastened, by a small screw, an iron disc 
about the thickness of cartridge paper, and this disc, 
under the influence of a voltaic current, was held firmly 
down bv the annular pole, its centre being in front 
of the shorter central pole. It thus constitutes a dia- 
l^ragm held by its edge by magnetic attraction, its 
centre being presented to the north pole of a magnet as 
in the lat^ receiver. The action of the instrument 
may be explained as follows: When sound waves are 
projected against the membrane of the transmitting in- 
strument, the iron strip attached to it is set in motion 
in the manner described, and plays to and fro in front oi 
the poles of the electro-magnet, in obedience to the im- 
pulses of the sonorous vibrations; by this action a series 
of variations in the strength of the currents are induced, 
proportional to and synchronous with the variations in 

the movement of the membranes, and these variations are transmitted by the connecting wire to 
the receiving instrument, and are reproduoed there and converted into sonorous vibrations by means 
of the diaphragm armature of the receiving instrument 

Fig. 1187 is a sectk>n of a recent form of this instmment, in which several improvements have 
been introduced. The moat important 
of these is the compound nature of the 
magnet, which is composed of four bars 
of steel of flat rectangular section 
placed in two pairs, which are sepa- 
rated by a similar bar of soft wood, and 
anited at their upper extremity to a 
soft iron pole-pieoe,which ia surrounded 
by the onl of insulated wire in circuit 
with the distant station. The case is 
constructed of ebonite, and the month- 
piece screws down over the body of the instmment, so as firmly to hold the edge of the ferrotype 
diaphragm between itself and the rest of the case. 

In the Gower telephone, Figs. 1188 to 1191, the magnet o describes a segment of a circle, the 
narrow, oblong poles K S, which are brought close together in the middle of the chord, being wound 
with flat coils of fine wire, each having a resistance of 60 ohm& The magnet is composed of 
French steel, magnetized bv a process that enables it to support ten times its own weight. The 
coils approximate reij closely, and the fiat coils exert magnetic effect upon the diaphragm. The 
diaphragm consists of a soft iron plate 3{ in. in diameter. A brass ring holds it down upon the 
ledge of the box, which supports it. 

The box is of brass, on account of the greater resonance of metal compared to that of wood, and 
its uniformity of expansion and contraction. Fig. 1188 is of the back of the cover of the box. 
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having a flexible speaking tube communicating with the diaphragm, and binding screws for the 
connecting wires. 

The ceil of the Qower telephone consiBts of a harmonium or concertina reed, Figs. 1190, 1191, 
flxed to the under side of the diaphragm M, opposite a narrow slit in the latter. Air sent through 
the speaking tube passes through this aperture in the diaphragm, and agitates the reed, which 
sounds like a miniature trumpet or horn, and being placed within the magnetic field transmits its 
note over the telephone wire to the distant station, where it can be distinctly heard. Fig. 1190 
shows the position the coll occupies in the instrument. 



684 ELEOTBIOAL ENGmBEBINQ. 

Fiff. 1192 ia of the Ader telephone. An iroa wire, or ttrcmcly magnetized needle H u loldered 
kt CBoK end to a maaa of ooppei E Bad D, and BurroiiDded by a bobbin or ooil of insulated wiiSL 
The copper masa D m Boldered (o a larger maw of 1(^ C, whioh ia perforated longitadinallji at O O, 
to allow tbe ends of the eoil to be brought to the biodiag sorens at F, by which the telephcme ia 
connected in circuit. The metal mas D C must be phooetioally insnlated ftom tbe toam E, to 
prevent oonfueioii of vibrations, oon- 
M^uently D C is encased in a sheet 
of mdiarubber H. Tbe ear-pieoe A 
is fitted to the instrument, and on 
liateniiig, vhile the vibratory cnr- 
renta flow in the ooil, the soundB 
are audible. 

The general form of T. A. Edi- 
•on's first telephone Biimiiwhat re- 
■emblee tbe hand-telephone of Bell, 
although all analogy ends at tbia 
' point. Through tbe middle of the 
l>ody of the case passee a stem, 

terminating at its upper extremity in a shallow cylindrical box or cup ; this stem can be raised or 
lowered by means of tbe adjusting screw at the lower end of the case; the cup leferred to oontaini 
a thin platinum disc, and sopeiimpoeed upon it a bntton of carbon, witli a »ecoad disc of platinnm. 
This series ia held in place b; an annular cnver screwed down on the box, and a thin diaphragm ia 
employed, being held in place by the mouthpiece, which ia eerewed down upon it, a small piece <tf 
mbber-tubo beiog introduced between the diaphragm and the apper platinum disc, in such a manner 
aa to exert a constant, but light, pressure upon the latter. Tbe upper and lower discs of platinam 
are connected respectively to tbe two terminal screwH, by which the instroment ia placed id (uremt 
with the battery and receiving instrument at the other end of the line. The action of this instrn- 
neiit depends upon the varying resistance of the carbon disc, due to Tarin^ons of pressure exerted 
upon it by tbe movement of the diaphragm, under the inflnenoe of sonorous vibrations imioiiging 

The lateet form of Edison's carbon tivDsroitter, Fig. 1195, has a carbon disc conlained within 
an ebonite ting, screwed to the melallio pnrtioQ of the frame forming one of the conneettons of tha 
ciroDit, and the carbon button A rests upon this metallic Bnrface. The other face of the button ia 
covered with a disc of phttiuom foil, conneoted to an Jnsolated teiminal, and farming the other 
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circuit ooQDeotlon ; this foil is cemented to a diso of glass, in the centre of which is plaoed an alumi- 
nium stud, that beara against the diaphmgm D of the instrnment. This is an ezceedinglj aimple 
and oompaet form of telephone. 

A novel form of Edison's telephone, Fig. II&7, iDclndes a transmitting telephone, a call bell, 
and a receiving diaphragm. The connecting wires L show the oonnections between the tiauamitlar 
and<tho binding screws to the battery. 

F F is a cast-iron standard, into which one end of the spring H is flied. The preMure of thia . 
apring isregulated by the screw B. The main axle is enpported by the boas in FF. and is connected 
to the handle H, by the train oF wheels W W. This handle can be rotated bv hand or aalomatieally. 
Upon the main axle is placed a chemically prepared cylinder of chalk K. The cylinder is a eompoai- 
tion of chalk and potassium hydrate, with a small qnantity of acetate of mercut?, moulded roiutd a 
brass reel, lined witli platinum on the parts in contact witij tlie mixture, which is kept moistened. 

A metallic alrip Is arranged npOQ, and at right angles to the cylinder, fastened to tbe diaphraigm 
at D. The preugnre of the metallic strip ia regulated by the screw 8. The diaphragm, Fig. 1)97, 
. consists of a mica plate i in. in diameter. A damping ruller U reals in a trough of water and is 
arranged to be mised against the chalk cylinder wlien necessary. 

The action of thi^ appamtua ia as follows ;— Between tbe metflJlio strip resting on the ohalk 
oylinder and the chalk, there ia a certain amount of friction, and if the cylinder be canted to rotate 
away ttoat the diaphragm, thia friction tends to draw the dinphragm towards the cylinder. The 
amount of movement given to tl>e mica plate, depends upon the friction between tbe cylinder and 
metal, and the biotion rises and falls with the quantity of current passing, the greater the ounent 



ELEOTBICAL ENOINEEBINa. 6S5 

tha lea tb« (HoUon, «nd oonvenely. By thumsaiiB thefiactoktioniof thecnrnntpnxlnoed In the 
euboD tnuumittei' axe (kithfnllj reproduoed u itniDd in the telephone. 

The crown lelapbone, deTised bf Q. M. Phelpo, ba* bees OMd with ezoellent lemlla in com- 
bioAtioD wiUi the Edison carboa transmitter. It ocnuiatt of BD oidioarjr combiiution of diaplirtkgni, 
bu magnet ftad eoU, but, in additioa, ther« ia ft group of hi pemuuiflat magneta, bent into » 




cdronlar form, and haring their aimilar poles jofned up tbe central bar oarrTinR the ooiL The 
otber enda of theae taagneta are atlacfaed to the edge of the diaphragm. The donbls crown 
inatmioent. Fig. 119B, ie a duplirslion of tbe radinl group of magneta deaoribed, a pair of ocHla alao 
being intndnced. TLeae coils are ao oonnected tliat tbe cnrrenta generated by the Tibrations of the 
diaoa are mutoally BtreugtLened. 

Another form of tha Plielpa tclepbone, Pig. 1196, iDclodee a permanent bar magnet, bent ao that 
tbe poles are bronKbC near to each otber. Attached to braokets on the poles of this magnet are two 
eoil^ opposite whii^ arc two diaphragms H, and between tbero ia tbe eentisl moatbpiece T opening 
into a chamber H. in which the pulmttons of tbe air in talking, act npon tbe diaphragm throngfi 
lateral opemngs. The ooils ate connected together, so (bat the cnrreats generalad by tbe vibration* 
of the diaphragm are lu the same diroction wljen nnited, and are consequeDtly mucb Btrunger Uian 
when only one coil Is employed. A similar inatrament receives the messages at tbe other end of 
the line. There it another form of Fhelpe' instrument, which consists of a mouthpiece placed at 
the npper part of an oval ebonite case, containing a bent mngnet connected to the bar carrying tbe 
coil Mnind the diaphragm, the other pole being atlacbtd to the periphery of the diapliragm, in tbe 
same manner as are the bar magiiots ia tbe crown telephone. 

In Biegnefs telephone, Pig.ii99, the transmitter and receiver are alike, and consist of a glass 
veaid containing mereury, over which Qoata some addnlated water. The pointed glass tube 
dipfdi^ into the reMel also containa mercnry. These two 
veMela are connected, and over the top of each tnbe ia 
a montbpieoe and diaphragm. On speaking above the 
tnbe of the transmilter, the vibrations ara bansmitted 
throngh the metonr^ and contact is modo with the 
addnlated water by means of the small opening left 
in tbe tube. The vibratory movements of the mercun 
by this means generate electro-capillary cnrrents, which 
flow throngh to the receiving lasttament, and repro- 
dnoe tlie conditions which generate them, thus giving 
out the sonnds spoken at the other end. 

The sounds that are beard in a telephone are 
ptodnced bj the vibration of tbe metallic plate or 

diaphragm, which is set in motion by the variation of mngnetio intensity in the permanent magiet 
plaoed behind it, which variation of magoetio intensity is produced by a current of eleotricity tra- 
vening tbe omls, this itself constantly varying in intensity according to the-motion of the diaphragm 
«tthe distant station. It is not the current alone that prodnces these results, but the undulatoty or 
eonstantly varying nature of tliat cnrreot. If at the distant station asingie cell of a voltaic battery 
be substitated for tbe telephone, there will be heard in the receiving instrument a loud tick when- 
ever the oironit is either made or broken,Bnd if thia be repeated wiu high and uniform velocity, as 
wonld be eOtcted by using a tuning-fork as a oontoct-Meaker, a musical note will be heard in 
the telephone. 

It inatewl of breaking and making contact between a battery and a telephone, tbe resistanoe 
of the circuit or of the battery be suddenly changed, a sound is produced in the telephone more 
[nulonged and more variBt>le. It ia this variatinn of resistance, prudoclng a variatloo of tbe current, 
thatledto the invention of tbe micVophone by Hughes, Fig. 1193. 

It oonsists of a small pencil of gas carbon A, such as ia used in the electric lamp, pointed at 
each end, and lightly supported In a vertical position between two little cups, scooped out of the 
surface of small oarbon blocks O, which are attached to a tiiin snundiag-board secured to a more 
solid base board. The blocks G G are coniiecteil by the wires X and Y, to the battery and line- 
win leading to the telephone. This simple apparutns, roogh as it is, is a most delioate lastiumenL 
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Not only is ariicnlate speech taken up by it, and tranonitted by it to a distant station with great 
power and distinctness, bnt it detects and oonyerts into lond noises the minatest possible yibiBi- 
tions. The slightest stroke or the lightest tooch, given to the base board, is sufficient to prodnoe m 
lood grating noise in the telephone. 

Another of Hughes's telephones is that illustrated on page 584, where Fig. 1194 is an elevatloa 
of the instrument. A is a small hollow cylioder of tin plate, closed at one end oy the membrane N K 
of parchment, stretched over it like the head of a drum. To the centre of the membrane is attaclied a 
small block of pine, which carries the slin B, also of the same material, the block being of sufficient 
thickness to cause the farther end of me slip to be clear of the edge of the drum, so that the 
whole of the rest of the apparatus is supported solely by the centre of the membrane. Upon 
the slip of pine is fastened one of Hughes's articulating microphones, having a lever of bnu» L, 
pivotea at its centre of gravity between two supports, and carrying at one end a small slab of pre- 
pared pine charcoal G, which is maintained by the spiral spring 8, at a constant pressure against a 
similar slab of charcoal below it, the latter being attached to the slip of pine. The degree of 
pressure between the slabs of charcoal may be regulated by tumiDg the milled head M, whereby 
the tension of the spring may be varied, by winding up or easing of a silk thread attached to one 
end of the spring. To the lever L and upper slab G is attached the wire X, and to the lower 
carbon is connected the wire Y, by which the instrument is placed in circuit with the transmitting 
apparatus. 

Its principle of action is that the carbon blocks at G, Fig. 1194, are, under the influence of an 
nndulatory electric current flowing through them, thrown into a state of mechanical vibration, 
and this vibration is rendered audime by a series of little blows upon the membrane to which the 
apparatus is attached, and the sound so increased is again still further reinforced by the reso- 
nating cavity over which the membrane U stretched. 

Hughes's sonometer or audiometer is intended for conducting aural investigation with absolute 
accuracy, a line of inquiry hitherto limited, for the want of such an instrument It is represented 
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by the accompanying Fig. 1200, and consists of a small bed-plate with a bracket at each end to 
carry a horizontal rod 200 millimetres in length, and of the section shown. At one end of this 
rod is fixed a bobbin o, with 100 metres of insulated wire wound upon it, and at the other is a 
similar but smaller bobbin c, upon which is wound about 1 metre of insulated wire. These coils are 
so connected together as to have opposite, but necessarily inductive, influences upon 6. They are 
placed in circuit with a battery, a galvanometer, and a dock-microphone. Sliding on the rod is the 
third bobbin 6, carrying 100 metres of wire, in every respect similar to the bobbin a, and having a 
telephone in circuit witn it Induction will make the clock audible by means of the telephone, but 
with varying loudness, according to its relative distances from the bobbins a and c ; but there exists 
a point on tne rod where the induction from c is equal to, and entirely neutralizes that from a, and 
aroolute silence then ensues. This zero point is nearer to c than a, on account of the difference in 
the power of tiie coils, for if both wero equal the zero point would be equidistant between them. 
The only object in making a and c of different proportions is to ensure a longer range or scale. 
The rod is divided into centimetres or any other convenient units. To test the aural power of any 
person, it is only necessary to place the telephone coil against the bobbin a, and slide it slowly 
towards zero, until the point is reached when the ticking of the clock becomes inaudible ; the . 
scale on tibe rod tiien indicates exactly the aural power, which can be thus denominated by a 
number, the value of i^hich may be flxed to any convenient standard. 

A second application of Hughes's balance is represented by Fig. 1201.* In this a different prin- 
ciple is employed, for whereas in the audiometer one coil is shifted to and fro until perfect equi- 
librium is attained, in this one a perfect electrical balance is permanently established, and upon 
its accuracy the delicacy of the instrument dependa It consists of two hollow cylindrical boxes, 
around each of which are wound two parallel coils. One pair of these is connected by a line, 
and is placed in circuit with a battery and clock-microphone. The other pair is also connected with 
a wire, and joined in a telephone cirouit The induction sot up in the secondary line, from the currant 
passing through the primary coils, is balanced by the reversal of one of the bottom coils, and adjusted 
to an absolute silence point. The distance between the two boxes is immaterial. If any metalUo 
substance, a coin for example, be placed in one of the boxes* the balance is destroyed, by the resistance 
set up in the body of the metallic substance introduced, and the ticking becomes audible, and so deli- 
cate can the adjimtment be made, that if two coins, sixnilar, bat not absolately idopticgd in weight or 
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oompotitioD, be introdooed, the difference can be at once detected hj the eoond. In this wbj the 
existence of impnrides in metals, or of inequalities in alloys, too minute to be discovered by anaiyBis, 
are instantly detected, while perfect dmilarity is iJso as instantly proved. 

A result of T. A. Edison's experiments with his carbon telephone timnsmitter, is the constmo- 
ticn of an instrument for detecting minute changes of temperatnie, which greaUy surpasses the 
thermopile in delicacy. 

In determining the thickness of carbon buttons best suited to the transmission of articulate 
sounds, Edison discovered that within certain limits increased thickness gave incr^sed sensitive- 
ness ; but after using tlie instrument a short time it became inarticulate, and finally inoperative. 
Investigation proved this to be the result of expansion of Uie hard rubber handle by the heat of the 
hand. This diflSculty was overcome by a different method of attaching the carbon button^ 
suggesting at the same time a new use for its extrenfe sensitiveness. 

The micro-tasimeter, Fig. 1202, consists of a rigid iron frame for holding the carbon button, which 
is placed between two platinum surfaces, one of whidi is fixed and the other movable, and a 

laoi. 




device for holding the object to be tested, so that the pressore resulting from the expansion of 
the object acts upon the carbon button. 

Two posts, A B, project from the rigid base-piece G. A vulcanite disc D is secured to the 
post A by a platinum-headed screw, the head of which rests in the bottom of a shallow circular 
oavity in the centre of the disc In this cavity, and in contact with the head of the screw, the 
carbon button is placed. Upon the outer foce of the button there is a disc of platinum foil, which 
is in electrical communication with the battery. A metallic cup Q is placed in contact with the 
platinum disc 

The post B is about 4 in. from the post A, and contains a screw follower H, that carries a 
cup I, between which and the cup G is placed a strip of any substance whose expansibility it is 
desired to exhibit The post A is in electrical communication with a galvanometer, and the 
latter is connected with the battery. The strip of the substance to be tested is put under a 
small initial pressure, which deflects the galvanometer needle a few degrees from the neutral 
point. When the needle comes to rest, its position is noted. The slightest subsequent expansion 
or contraction of the strip will be indicated oy the movement of the galvanometer'needle. A thin 
strip of h«rd rubber placed in the instrument exhibits extreme sensitiveness, being expanded by 
heat |from the hand, so as to move the needle of a very ordinary galvanometer through several 
degrees, which is not affected in the slightest manner by a thermopile facing and near a red-hot 
iron. The hand, in Uiis experiment, is held a few inches from the rubber strip. A strip of mica 
is sensibly affected by the neat of the hand, and a strip of gelatine placed in the instrument is 
instantly expanded by the moisture from a damp piece of paper held 2 or 3 inches awav. 

The instrument is arranged for these experiments in single circuit, but for more delicate opera- 
tions it is connected with a Thomson's reflecting galvanometer, and the current is regulated by a 
Wheatstone's bridge and a rheostat, so that the resistance on both sides of the galvanometer is 
equal, and the light pencil from the reflector falls on 0^ of the scale. 

The disturbing effect of electrical induction upon telegraph and telephonic lines, was treated 
at length by D. £. Hughes, in a paper communicated to the Society of Telegraph Engineers in 1879, 
and he then detailed a series of experiments, whidi resulted in the introduction of mechanical arrange- 
ments for effectually eliminating, from a group of any number of lines, the effects of induction, 
assuring the protection of each and all, whether one or more lines are being worked at the same 
time. 

Edison's method, Fig. 1203, simply has reference to the protection of one wire, such as a circuit 
against the influence of other circuits, witliout regard to their influence upon one another. 

Edison's arrangement consLstB in placing one or more electro-magnets. Fig. 1203, in the circuit 
of the telephone, and one or more electro-magnets in the circuit of the adjacent wires, and bringing 
the opposite cores of the wire magnets at such a distance from the cores of the telephone magnets, 
that a certain magnetic action will be set up in the latter, by induction in the opposite direction to 
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the induction onrrentB fiom the adjacent line or lines. By adjusting the dlstanoe between these 
magnets when the telephone is not in use, until there is not any sound at the diaphragm from 
the induction currents, then those currents will be neutralized, whether strong or weak, and will 
not produce any false sounds when the telephone is in use. 

C. H. Wilson, of Chicago, was one of the first to point otft an arrangement by which two tele- 
graph lines may be compensated for induction. Wilson's device. Fig. 1204, consists of a bar of soft 
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iron carrying two coils of insulated wire, which are respectively placed in the circuits of the two 
wires. The effect, therefore, of a current traversing one of the coils would be to induce in the other 
coil a corresponding magneto-electric current, and the coils are so connected to their respective lines, 
that the currents induced by the coils, are in a reverse direction to those induced by the lateral 
induction of the line wires. But as a magneto-electric current soproduced would in most cases 
produce a more powerful effect than that due to lateral induction, Wilson short circuits each of the 
coils, through a resistance box R and B, and these resistances are so balanced against one another, 
and adjusted for the relative influences of the coils and lines, that mutual compensation is ensured. 
Electro-magnets are also introduced into the circuits, to act as condensers, fur prolonging the duration 
of the effects produced, so as to make the apparatus equally applicable for long as for short oirouita. 

Electric fS^ Alarms. — There are many contrivances for automatically announcing the origin of 
a fire to the inmates of a building or the watchman on duty. A Bain's fire-alarm consists of a 
column of mercury in a thermometer completing a battery circuit, and sounding an alarm, when the 
temperature of the locality in which it is placed, rises to a certain degree. This was among the first 
examples of this species of fire-alarm, and it is one still largely employed in warehouses and in the 
holds of ships. Many different arxangements have been devised t^i effect the same purpose, such as 
inflammable threads and strings passing through apartments, the explosion of bombs, and the 
dilatation of wires or bars of allovs by increase of temperature, the expansion of air, or some other 
gas, in a vessel having an elastic wall, and other more or less complex mechanisms. Du Monoel 
invented an electro-automatic thermometer similar to Bain's, but it was only intended to maintain 
the temperature of rooms or workshops beneath a certain fixed datum^ and not to be a fire tell-UJe, 
althougn it might have been easily modified for that purpose. It is obvious that such tell* 
tales with fixed maxima are open to some objection, since, in order to prevent false alarms, it is 
necessary to know the maximum temperature which the apartment ordinarily acquires, and from 
the fact that a fire might haye broken out, and made considerable headway, in some part of the 
place, before Uie fixed maximum temperature was reached on the tell-tole. 

All Uiese plans, however, only give tlie alarm when a certain definite temperature, decided upon 
beforehand, has been reached. The fire-alarm of Jules Leblanc, of Tonrcoiug, France, is, therefore, 
an improvement upon the foregoing methods, inasmuch as it signals all suoden elevations of tem- 
perature whatever. 

Leblanc's tell-tale will automatically follow or adjust itself to the normal variaUuns of tempeiaturey 
however high they may be, in the room in which it is placed, and under the infiuence of a sudden and 
abnormally rapid rise of temperature will actuate an luarm signaL It is based upon the property which 
certain materials, such as felt, thick woollens, and the like, possess, of behaving as good conductors of 
heat, when the heat varies by insensible degrees, like that emitted by the sun or stoves, but as bad 
conductors when the variation in question is sudden and accidental, it is, in fact, a kind of differen- 
tial thermometer, regulated automatically. The part sensitive to heat is constructed of zinc, which 
is one of the metals whose coefficient of expansion is the highest. Fig. 1205 represents an elevation 
of the apparatus, fixed upon a base of wood little liable to expand and warp under heat ; and O 
two upnght metal supporte bolted* to the base ; between these is a wooden plank on edge, upon which 
are fastened two expansible plates of sheet zinc, about 60 centimetres long and 0*05 centimetre 
thick, out from the same piece so as to expand equally. They are doubled into a gutter shape, to 
render them more rigid, and are fixed at one end to the support C, while being free to move at the 
other end through openings in the support. One of these plates, B, is covered with a wrapper of 
cloth or felt, which reterds the effect of sudden changes of temperature on the metal within it ; the 
other plate, on the contrary, is bare, and susceptible to the surrounding changes of temperature. Of 
exactly the same length and of similar quality, these two plates give sensibly the same linear dilata- 
tion for each degree. The two zinc plates are arranged one above the other, with some little space 
between them ; only the upper plate is shown in tlie plan. Fig. 1205. B' is a B(|uare box soldered to 
the extremity of the plate B, and £' is a small bar fixed to the box B', but isolated from it, and 
carrying an adjustable contact screw E. By means of this screw the range of the tell-tale is regulated* 
The head is milled wiUi 120 teeth, and each tooth reprcsente a quarter of a degree of temperature, 
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80 that an interval firom a firaoUon of a degree to aeyeral degrees Centigrade, may be at will 
adjusted, between the contact point of the screw and the spring platinum contact F, attached to 
the free end of the bare zinc, according to the degree of sensibility required in the apparatus. The 
bare zinc carries at its extremity a metal piece which has two spring contacts, which are intended 
to make contact with the screws £ and M, when the bare plate expands far enough. M' is a 
small insulating bar supported by the baae board D, and canying the second regulating screw M, 
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which is added to the apparatus as a second tell-tale of the old sort, namely, with a fixed maximum, 
determined beforehand. It has fifty teeth round its head each representing a degree Centigrade. 
The screws E and If are connected by wire with the terminal P, to which is led one pole of a 
battery, and the fixed ends of the zinc plates are also connected by wire to the terminal N, to which is 
led the other pole of the battery. When tiie bare plate expands sufficiently far to carry the spring into 
contact with the screw E the battery circuit will be completed, and a local song in the circuit actuated. 
There are small spring ratchets gearing in the teeth of the screws E and M, and holding the latter 
in their adjusted pocdtions. All the contact points are faoed with platinum, to avoid oxidation, and 
the whole is enclosed in a protecting case to exclude the dust of even the foulest atmospheres. 
In use the screw E is adjusted so as to leave an interval of one degree between it and the contact 
spring. So long as the variations of temperature in the room are sluggish, the fiannel or felt round 
the zinc plate B, which carries the screw, will not interfere with the sensitiveness of the plate 
it covers, and both plates, the covered as well as the bare, will keep pace with each other in their 
expansion. The relative distance of the two contacts will therefore be preserved with very little 
alteration, since the screw is carried by one plate and the spring by the other. But if there is a 
sudden nse of temperature due to any cause, such as the outoreak of a fire, the bare plate will first 
feel its effects, and expand so rapidly in relation to the plate swathed in fiannel, that the spring 
contact will be carried forward into connection with the screw contact, the electric circuit wul be 
completed, and the alarm will be sounded. 

The case of a sudden rise of temperature is that to be most freqoentiy anticipated ; but there 
might be fires which take their rise slowly and gradually ; this would prevent the dosing of the 
circuit in the manner described, and defeat the object of the tell-tale. This contingency is provided 
for by adding to the differential maximum arrans^ement an auxiliary contact, which takes place at a 
fixed maximum temperature. The best side for the tell-tale is, usually, near the ceiling of the apart- 
ment it is applied to, in some place where heat tends to accumulate under the action of air currents, 
determined by the cUsposition of the doors and windows. 

Electric Trarunussion of Power, — Am all dynamo-electric machines can be made to yield electricity, 
through rotation imparted to them by the expenditure of mechanical power, so can this power be 
reclaimed in part by causing the current generated by one machine to be passed into the coils of a 
second machina This second machine will then rotate in an opposite direction, about 50 per cent, 
of the mechanical power expended u^n tlie pulley of the first machine, being obtainable from the 
pulley of the second. This is the basis of electrical transmission of power. 

The questions of distance to which power may be economically transmitted, and the amount of 
power transmitted, are limited by considerations of the size of the conducting cable, the size of the 
generating and receiving machines, and the limit of the magnetic saturation of the iron cores of the 
electro-magnets in the machines employed. In practice much more will be found to depend upon 
the limit of magnetic saturation than is generally allowed. 

As a matter of fact, however, where as much power as can be got through a cable is to be trans* 
mitted, the thickness of the cable required to convey such power is of no particular moment, and 
Professors Houston and Thomson state that it is possible, snould it be deemed desirable, to convey 
the total power of Niagara, a distance of 500 miles or more, by a copper cable not exceeding ) in. 
in thickness. This is an extreme case, and engineers in practical working would not require 
such restrictions as to size. The following considerations will elucidate this matter. Suppose two 
machines connected by a cable of, say, 1 mile in length. One of these machines, for example. A, 
is producing current by the expenditure of power ; the other machine, B, used as an electrical 
motor, is producing power by the current transmitted to it from A by the cable C. The other 
terminals, and y, are either put to earth or connected by a sepamte conductor. 

Let it be supposed that the electro-motive force of the current which fiows is unity, since, by 
the revolution of B, a counter electro-motive force is produced to that of A, the electro-motive 
force of the current that fiows is manifestly the difference of the two. Let the resistance of A and 
B together be equal to unity, and that of the mile of cable and connections between them the 
0*01 of this unit 

B 1 
Then the current which fiows will be C = -^ = -z-ru* If, now, an additional machine A', motor 

R 1*01 ' ' ' 
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B', and an additional mile of cable be tntrodnoed into the above cironit, the eleetro-mottye foroe 
will be doubled, and the lesistanoeB will be doubled, the onirent strength remaining the same, aa 

0=-= ^ + ^ ^ 



B I'O+l'Ol 202 

Here it will be seen that the introduction of the two additional machines A' B', has permitted 
the doubling of the strength of the current whidi flows, and yet allows the expenditure of 
double the power at A A', and a double recovery at B B*, or, in other words, a double transmission 
of power without increase of current. 

Increasing the number of macliines at A, say to one thousand, and of those at B in like pro- 
portion, and the distance between them, or in the case supposed one thousand miles, the diameter 
of the conducting cable remaining the same, then, although the same current will flow, yet there 
will be a thousand times the expenditure of power at one end of the cable, and a thousandfold 
recovery at the other end, without increase of current. And the same will be true for any other 
proportion. 

Since the electro-motive force is increased in proportion to the increase of power transmitted, 
the insulation of the cable and machines would require to be proportionally increased. 

As an example, it may'be mentioned that a dynamo^lectric machine used for A may have a 
resistance of^ say, 40 ohms, and produce an electro-motive force of, say, 400 volts. Buch a machine 
would require firom 3 to 5 horse-power when used in connection with a suitable motor B, for 
recoverv of the power transmitted. 

If the resistance of the motor B be, say, 60 ohms, and the cable transmitting the currents a 

400 400 

distance of 1 mile be 1 ohm, then the currents = „^ , .,. , ^ - ,-777 . If 1000 machines and 

60+40+1 101 

1000 motors and 1000 miles of cable, each of the same relative resistances, be used, the currant 

1000 X 400 
=: rrrr^r — r^rr , wMch hss manifestly the same value as before. If the supposition of the power 

used to drive one machine be correct, then from 3000 to 5000 horse-power would be expended in 
driving the machines, and about 50 per cent, of this amount recovered. Then there would be from 
1500 to 2000 horse-power conveyed a distance of 1000 miles. What diameter of copper cable will be 
reauired for such transmission ? Binoe this cable is supposed to have the resistance of 1 ohm to the 
mile, calculation would place the requisite thickness at about } inch. If, however, the distance be 
only 500 miles, then the resistance a mile may be doubled, or the section of the cable be decreased 
one-half, or its diameter will be less than one-flfth of an inch. 

For the consumption of 1,000,000 horse-power a cable of about 8 in. in diameter would 
sufiSce under the same conditions. However, by producing a much higher electro-motive force, 
the sectfon of the cable would be proportionally reduced imtil the theoretical estimate might be 
fulfilled. The enormous electro-motive foroe required in the foregoing calculation would, however, 
necessitate such perfect insulation of the cable, that the practical lunits might sooh be reached. 
The amount of power required to be conveyed in any one direction would, of course, be dependent 
upon tiie uses that could be found for it, and it is hardly conceivable that any one locality could 
advantageously use the enormous supposed power referred to. 

Stripped of its theoretical considerations, the fact still remains, that with a cable 6t very limited 
size, an enormous quantity of power may be transferred to considerable distances. 

In a subsequent series of experiments, details of which are unpublished, the F^fesson Thomson 
and Houston have succeeded in tmnsmitUng considereble power through a wire only 0*004 in. in 
diameter. W. Thomson has made statements that are in general aroordanoe with these views. 
O.W. Siemens has remarked that the electrical transmission of power, although new and untried, is one 
of considerable interest, and an amount of from 40 to 50 per cent, is recovered at the end of the line. 

A 100 horse-power engine, economically constructed, would produce 1 horse-power with lees than 
8 lb. of coal, whereas a small motor of 2 or 3 horse-power woulci consume probably 6 to 8 lb. of coal 
an hour. Bearing thatdifierence in mind, the magneto-electric machine would be an economical one. 
I P. Higgs has stated that tlie limit set by distance to the trensmiasions of power, by means 
generally adopted, has been comparatively narrow. Hydraulic power has been the most adaptable, 
with, however, several important disadvantages. Although electricity as a means of transmission 
is also limited by the distance to be traversed, the limit is in this case much more extensible, and 
under favourable instances practically disappears. The limit is dependent upon the quantity or 
intensity of electricity that can be conveyed by the conductor, sinoe mechanical efSciency depends 
upon the magnetic energy. For the transmission of power, tay firom a steam or water motor 
initially, the following system is adopted. First, a strap or belt from the motor is carried to the 
pulley of the driving dynamo-electric machine, which generates the current. By leading wires of 
the required length, the electrical current generated in the first machine is conveyed to the ter- 
minals of a second and precisely similar machine. Thus the flret machine generates the current 
which is utilized for imparting motion to the second machine. 

The probable efSciency of such a system has been treated in its mathematical relations by 
M. Mascart It is well known that all magneto-electric machines, when set in motion by a current, 
induce in themselves, as electrical systems, currents opposing the motive current. For example, 
when a current firom some other source is directed into the coils of a dynamo-machine, the coil 
commences to revolve. Immediately it commences to revolve, it also begins to act as a gene- 
rator, and sets up a current which is opposite in direction to the motive current, and subtractive 
from the strengtii of the latter. The current strength from the source is therefore at a maximum 
when the second machine, or that driven by the current, is at rest. From consideration it is 
easily obtained that the greatest work to be yielded by the second machine, is when the strength of 
eurrent given by the flrst machine, or soaroe, has been reduced to one-half by the induced current 
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from the Beoond machine. With these machines it has been generally found that the cnnent 
otiength IB proportiooal to the velocity, w number of revolntiona of the cylinder ; so that, supposing 
two equal machines arranged for the tmnamission of po#er, the amount of work reclaimable from 
the second machine will be 50 per cent of that employed upon the first, and the number of revolu- 
tions of the armature of the second machine, corresponding to the i»«^Tiinnm of watk reclaimed, will 

be half the number made by the first 

P. Higgs has given the following results of experiments. Table YIII,, with dynamo-maohinea 
ibr the transmission of power by the electro-current ; — 
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The departures from the theoretical values are somewhat marked, but are within the limits of 
error that occur with this class of measurements, made with no great attempt at accuracy. In 
these experiments, in order to ascertain the effects of redstanoe in the circuit connecting the 
driving and driven engines, two machines were connected by leading wires, having resistance of 
i unit, 1 unit, and 1| unit, respectively. The machines gave without inserted resistance an 
eiBciency of 44 per cent. ; with ) unit resistanoe added to the circuit, the efficiency was reduced to 
88 per cent, f^ving a loss of 6 per cent. ; with 1 unit of added resistance the efficiency fell to 82 
per cent, giving a loss of 12 per cent ; and with 1^ unit added resistance the efficiency was 26 
per cent., giving a loss of 18 per cent. The experiments clearly proved that the loss of efficiency 
IS proportional to the added resistance. 

With a machine having 0*05 unit resistance, a current of 5 webers through 1 ohm has been 
obtained, with an expenditure of 2 horse-power. This ^ve a current, of which the mechanical 
value, wnen the machine was connected to a precisely similar machine, was 56,000 foot-pounds, with 
the second machine at rest ; and a resultant current of 29,000 foot-pounds with the second machine 
in motion, the horse-power expended being maintained constant. The work reclaimed, measured on 
the dynamometer, was 48 per cent, closely agreeing with the efficiency of one-half. As to the effect of 
circuit resistance on the transmiasion of power m the instances quoted, the addition of 1^ unit 
resistance reduced the efficiency to 26 per cent, with the particular machines employed ; but if 
convolutions of wire were added to the cvlinder of the machine, the efficiency would again attain 
its maximum. It should be noted that the theoretical efficiency of 50 per cent is referred to the 
use of two equal and similar machines, one used as the driving, the other as the driven machine. 
It is quite probable that a larger percentage of work reclaimed might be attained by some other 
arrangement of machines. 

By driving one machine by two others coupled in series, the results of three readings gave 
speed of small machines, 1060 revolutions ; speed of medium machine, 1820 revolutions. The 
medium machine driven by one small machine, gave the following results, taken from three 
readings; speed of small nuichine, 1060 revolutions; speed of medium machine, 780 revolutions. 
It would thus be seen that the speed of the medium machine bad been rather more than doubled by 
driving it from two machines coupled in series. The best conditions for work admitted of direct 
proof. Two equal machines being employed, and a galvanometer put in circuit between them, the 
deflections showed that when the second machine was at rest, the current was of twice the inten- 
sity that occurred when the second machine was giving out its best work. 

This amount of reclaimed power is indubitably superior to that obteined with compressed air, 
and approaches the practical efficiency of hydraulic transmission. Electric transmission has, 
however, the unparalleled advantage of being superior to the obstacle presented by distances, whilst 
it is at the same time easily portable, and can oe changed in direction, as well as in intensity, at 
will. Ko force appears in the connecting portions or conductor, such as appears during mechanical 
transmission with shafting, or in pipes with compressed air or water. The conductor appears inert, 
and can be shifted, bent, or in any way moved whilst transmitting many horse-power. Ite con- 
tinuity must not of course, be interrupted. 

The source of power and the point of reclamation may be relatively situated most awkwardly, 
but the electric conductor can be brought round the sharpest corner, or carried through the most 
private room without inconvenience. There is nothing to Durst or give way. The same circuit as 
may be tapped to provide the means of working power machinery can be as conveniently utilized 
to work a sewing machine. 

See BLAffriNO, p. 133. GHUiysT Shafts, p. 355. Dtkauo-Elbcttbio Machines, p. 475. 
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ENGINES, VARIETIES OF. 

Amongst the many varietiea of the steam engine, tile rotary engiae haa not tealiied that 
effloiency which ita compaiBtive nrnplioity would appoar to warraoL There are many firau of the 
rotary engine, but those in Figs. 1206 to 1209 are of aapecial interest, aa their capsibilitiea bare 
been oarefnUy tested. 

The Uysn^ engine, Figs. 1206 and 1207, haa an inner ease E, set eooentrio to the outer oylindar, 
aod revolving in a giooTO; so that the top portion forma anabatment The piston C is ieoared to the 
■liafl, and haa a toggle-joint conneotion with the isae at D, The piston alao hat • long fluke or log 



at the end. The oylinder ia divided into two comparlmenti, each of which contains one of theaa 
cesea and pistons, the two pistons being set at r^ht angles to each other. Steam is admitted 
through a valvn and porta, F and G. 

The GntUhue engine, Fig. 1208, congisti of a casting A, which indndes the main oylinder, Ed 
which works the piston D, firmly attached to the inner revolving cylinder B, and there are two 
sliding abutments B and F, actuated by cams. Steam enters and W exhaiuted at the ends by steam 
ports a b and eihanst ports c J. 




In the Hnssey engine. Fig. 1209, the outer case E is oval, and the inner cylinder Qiaseonrod to 
the shaft F. The pistons H H are move<l in and ont by the action of ued cams I. L ia the 
abntment. At D is a valve, controlled by ttie lever C, which admits steam throtigh tbepauBgo A ; 
the eihanst is arranged on the opposite side at B. 

Tlie LidgcrwDod engine ooneists of an outer oylinder, oval-ahapcd, and an inner cjUnder or 
case, clrcnlui in section, secured to the shaft, and forming two abutments at its points ot contact on 
each aide with tbe outer cylinder. Six piiitans are arranged in the inner ca«^ actuated by Bxed 
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ouu, the fbna of tha outer cjlindar beiog inch tlwt the pUtoni do not dlde wLea tbey tn nndei 



Tablb L— Tbiau 


Of BOTAHI Ebowm. 


OHIBTATItnra. 




QouUlr. 1 UdiBirood. ' G.U*1.«. 


FliMTrtaL 


Hfo*. 


s.^S^ 


Length ornm 

Prewnre of (teftiu by gauge 

Preunre of exhaust by gange .. .. 

Bckdiug of bmke Ksle, ia pounds .. 
Lever ann of brake, in iochea .. .. 


3honn. 
77-43 
1-B5 
117-19 
16 
57 
65-75 

& 

106 

55 


5bonn. 

74-68 

0-7 

IS3-46 

6 
2065 
60-25 

6?74 
114-49 

56 


SOmin. 
S2-4 

260-ft 
6 
27*5 
60-26 

S?! 

151 -8 

65 


5 boon. 

65-41 

0106 

186-83 

e 

60 
60125 

136-86 
65 


6 hours. 

66-08 

0-38 

183-37 

16 
84-63 
64-625 
d<(. 
47-6 
lSS-62 
65 



AnezamiiutioDof thoGallahne engine made after the teit, ahowsd tlmt the iliding abatmeats 
were so adjusted aa to allow iteam to blow (hroa|;h couHduuiuI;. Id the Snt trial of the llaaiej 
tneine tlie main tieariDgi were n abraded that it was neoeseaiy to itap. This waa obfioualj doe 
to iDsaffioieiit beajing surfaoe, and larger btaiings have been fitted ; the engine afterwards made a 
nm of Are hours sncoesafully. 

The Outridge bai eiigijie conaiats of a oaat-iion casing forming a cylinder ttftTeraed at the 
middle of its leogtb by the crank ahalt. The piston is formed of t«ro rings oonneoted by meana 
of distance pieces, while a plate is secured at each end, and between these platea the seotors, 
which act aa connecting rods, moTe freely. Figs. 1210 and 1211 are a Tertical longitadinai saction 
and a tranavene section reepectively of a two-oyliuder engine on this principle, 

The aectora roll on the inner flioea of the piston, and are supported by bridle rods of wnmght 
iron, the wearing parts being oaae-hardened, and the pias on which they move of sleeL In the 
ends oF the sectors are fitted the ciank-pin brassee, so arranged that they may be screwed np anU 
they are completely worn throngh ; the motions of the arcs of the socton being a rolling motion, 
there is little friction. 

The «alvee are of cylindrical (brm, having passagea for the inlet and oatlet of the steam, one 
valve being placed at each end of the cylinder. They are held between centres of haidtned steel, 
and are actuated by an eccentric attached to a rod connected to botti by means of short levets; tlie 
motion of the eccentric causes the valve to vibrate. The engine is under the control of the re- 
Tetsing lever, and may be stopped, started, reversed, or linked np with ease, the valves always 
being in equiLbrium. 

"nie clearance epacea are small, the amount being only one-foorth part of the cubic contents of 
the cylinders, aa oompared to one-twelfth part, which is the general praotioe in sm^ll englnce c^ 

2 q 



ordfnu; type, Thta object ia gBined by the uae of Tery ihort 

Table II.— Thialb ov Botabt Engdies. CiumuTCD Bmn/n. 



potti, DMialJy I indi ii 



QnuUtr- 



Abaolnte presmra of stetm in) nq ne 
pound* on the «q. in 11 "^ '"» 

Temper&tnre of Btesm .. dcg. 321-7 

Lotent iieikt of evaporatiim ■ ■ 889 

Weight in pounds of a <nib. ft.l 

of water at the difiercDt tem-J| 61-92 

Pouuda of watet discharsedl' .onac.'n 

from tank an hoM | 12995 77 

UnilB of heat lost an hour by) tagin-^i 



tank an hour 
Fouodt of steam UMdftnhoDr, 
Effective horK-power 
Asnuned iodioated hora»j>owi 
Pound* of Bteam an effectii 

horee-power an hoor 
Pounds of atesm an assumed ii 

dii-ated boreo-power an hour/| 
Pounds of OOdl assnmed indi-V 

cnted hnree-power an hour ../i 
Founrla of ami elTectiTe horse-lj 

power an hour f\ 



722694-77 

667-13 

5-013 

7-168 

IS3-09 

93-07 



12970- 
13590- 
e0094C' 
744 



61-449' 

12896-92 I 

20268-95 : 

] 134264' 11 I 

1042-43 

9-624' 

13-763 

106- S2 

75-7* 

8-«2 

12-04 



A Inbricator ia fitted on tlie steam pipe, and the oil is canied past the vslvee into the interim of 
the oylinder in the nsnal manDer. An oil oup is also fitted to the hand-hole door, by mean* ot 
whiah oil is intiodacied between the inner facea of the piston plates ; thus the crank pin is ptmo- 



lically submerged at each revolotion, the splashing caased by the passage of the onnk thmngh Iha 
ml, thoroughly lubricatea all the working parta endoeed within the diameter of the ojtioder, and 
oil-ways are cut in the bearing brasses, through which the oil oooslantly trickles and thereby 
reduces Ihe chances of hot bearings. 
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In BntluriuMd'B eogtia, Pigi. 1212 to 1214, three arltnden ue unoged »t toglea of 120° yrith 
Mch other, uoimd • aentral ehkinber with wbich the; onsmtmloate, the whole bemg cut in one 
pieoB. Each cylinder hM ItaownpUton and oonneotiag rod, tlis tbree nxUtaldngoQ tooDeonmmoD 

*- The oienk pin. after poMiag through the oonneetinB-rod ejos, ia prolonged, and flU into 

■ ' e which it — ' — '-- ■"-- ■ F 



a hole in ft totar; dide talTo w 



li it aotnatea. The Talxe hai a ttaam aiid exhaiut p^ wLioh 




ere altmutel; placed in oonunDnloatica with the paesage belonglQg to e«ch erlinder. In working, 
rtMm ia admitted to the central chamber, and exerii an equal pressare on the inner ridee of tbe 
three pistons. Thna br the maohine would be in eqnilibriam. Bat (team now paaMa the elide vaWe 
to the enter aide of one piaton, tboa throwing that aide into eqnJUbrium ; bat the three platona 
oollectivelj ont of eqailibriom. In other words, it rendera the presanre on the inner aides of 
the ottier two plalona oflectiTe. A rotary motion of the orank and alide valve enanea, and the 
other piatona are attematelv operated apon in aimilar manner; the oonatant effective area for 
preaanre being that of a piston and a half. If ateam ia not admitted during the wbide of the 
inward atioke of a piston, It foUowa thnt the piaton ia not entirtl; thrown into equilibrium, and 
the crank baa to assist it in the return stroke. The eOect ia equivalent to working ateem 
eipansitely ia an ordinsr; engine. 

A ptatoD, when working in one direction, pnlla the crunk, and when moving in the other, ia 
pnlled b; the enink. Hence, the atrain on its connecting rod is alwaya a tensile one. No knock 
eon therefore take place in the oannecting-rod eyes on tbe alteration in ttie direction of tbe 
piston'a moveaeot; su the fit may be everywhere quite looae, and inatcAd of constaotly adjagting 
bnwBSB, it Is only neceaaarv to renew a few buahee when eiceaaive wear baa taken place, Bimilarly 
the alide valve ia free to elide on the crank pin, and adjust il-<elf to itg face aa wear takes place, 
and the back of tke crank disc alwaya mainlatne a steam-light joiot in the aame manner. The 
lubrication at flist proved a aource of difQenlty, but ia now amply aecured by the addition of an 
impenneator to the ate«m pipe, tbe oil being earried by the ateam m a medinm to all the working 
part*. 

In the oonrse of a eeriea of experimeuta tmdertaken with tbe view of determining the point, it 
waa found that few metala would aland heavy work in high-preaaure ateam nnder auch conditiona. 
Dltimalely, batd phoapbor-bronte buahea for the conneoting-rDd eyea, working on a hardened ateel 
orank ^n were adopted, and these are foimd to laat a long tioie without any oiL the steam afford- 
ing BuOeient Inbrfcatlon for these two metala. The maohinea being wi-ll bnlanced, high apeeda 
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are permissible. An avenge speed of BTen 300 ft. > minote tot Ilia [dston glrtm a reiy high 
Indicated horee-power in prnportion to the site aad oost. 

It alioutd be obaerved that the cEraular valve with vhiah this endue is fltted, whilst pi 



It anouid be obaerved that Che ciraular valve with which this ennne is fltted, whilst poweariog 
the advantage of great simplicit; in ita oonatructioii and working, dilTera from otliar lotarf valvea 
only in ita form, but not in its principle, and aharea equally with them the defects of nneren wew ; 
litis rendera it difflcalt to retain it unimpaired in working order; and the cironlar valve is iherefoFe 
moatly found in those types of high-speed eagines where eoonomj in the conaamption of stoun is 
deemed of secondaiy importanee. 8uoh ia the case with Brotherhood's engioea, whieh, althrnigh 
particnlarlf adapted for the direct driving of cinnilar sawa, oentrinwal pmnpa, electricij and other 
machines requiring high apeeda, cannot be recommended for geaeraluM on aeootut of their heavy 
conaumptioQ of ateam, exoept where this ia of little moment, or whero the atlainment of speed is a 
paramonnt conaideration. 

Piga. 1216, 1217, are of Willan's three-eylinder ennne, aa oooatmoted by Taogye ; each piston 
forms a valve to one of the other eylindera. The cylinder* A.'A A'" ate single acting, and are placed 
side by aide, the pistons, which are arranged «de by aidc^ driving, by me«ns of ilie amneoting 



rods D, three eranka placed at an angle of 130° with each other. The iteam inlot is at M, 
this steam eUamber commnnicating by ports B with each cylinder. Throngh theee ports the steam 
passes inlon groove K, and when a piston, as for instance that moving in the cylinder A'", has made 
about five-eighths of its downward stroke, the steam pasan Irom this groove K into a port Q fi>rmed 
In the Bide of the cylinder, and thence is led through a passage to the lop of one of the other 
cylinders. On its way the steam traverses the reversing valve I^ and it la the position of this 
valve which determines to the top of which cylinder the steam thus admitted by the action of the 
piston B is led, this also determining the direction of motion of the eagine and completely coo- 
trolling it. The steam admitted to a cylinder by the downward movement of one of tlie pistons aa 
above described, is cut off by the Bubsoquent upward movement, while a coQtinnatian of thia 
upward movement causes the port O to be uncovered by the piston, the ateam being thns allowed 
to oihaust Into the casing H surrounding the crank shaft. The presanrs exerted by tlie steam 
being always in one direction, tbe engine Can be run at considerable speed without noiae or in- 
convenience. while the distribution of steain effected ia very good. 

The lii -cylinder engine of D. K. West, Figs. 1218 and 1219, consists of a huso plate carrying a 
mating oontalnitig six cylindora, armnged in a circle with their axea parallel to the main dkaft a. 



having a conical end P which bears against a disc D, Pig. 1219. 

The disc is mounted on a short ^alt 0, having at one end a apherioal bearii^ E, while the 
other enters a brass bnah Qtled to the crank arm B, this otank being keyed on the main shaft a. The 
shaft makes one revolatiou for every complete doulile stroke of eaoh puton. and aa each aots during 
a semi-revolution, the six coming into operation in aucoeesion at intervals of 60°, there are three 
pistons ccnabiDtly acting on the disc, and the strain thrown upon the crank and abaft ia thus 
practicilly nnifortn. There is thus no dead point, and a flywheel u rendered unnecessary. 

The arrangement of the slide vnlves and cylinder ports ia shown in Fig. 1220. There is keyed 
on the shaft a an cocentric b which works within a loose ring c, and thus gives motion to the outar 
ring/ which cnDstitates the valve. The section of / is such as to give it some elnstioity, and enable 
it td adapt itself to the two surfaces between which it works. The inner ring is made in two parts, 
c and d, the reqnlaile elasticity in this case being obtained by the introduction ot a packing nng of 
\J ahape. 

The eteam enters the space between the valve rings e and/, through the three oval porta, and it 
la ttience, by tbe movement of the valve, admitted to and releaaed from the six eylindera anooea- 
sively. Tm porta to the eylindera are abort, aa the; only have to extMid through the plate which 
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ditidM Ike oylinden bom the tbIto oheat. The sngiiiM oui thni be made with ezeeedinglj 
■uU claamiM ipoM*. Tbe eihanit stwun saoapea rut tbs outer edg« of the nag f, and thn* 
sntan tha oater part of the tbIta obamber, bom *hicn it u let off by a pipe fron the bottom a* in 
Fis. 1818. The motion givea to the nlTe neatly tend* to promote equal wear, the Tolve beinK 
qoite b«e to tan nnnd nnder the aetioa of ate eooentric, m> that all parte of the rings are brooght 
iiiiiiiiiliiilj into MAtaot with the different portiooi of the Eeoee on wtiieh they work. 




The mode of aetion of the engine will be rea<iil^ uuderatimd. Let it be 
imagined for amomeut that the oAak abaft is vertical, and let it be turned 
by liaod. Then ae the eiauk ia tamed, the part of the diec oppoiite to it 
Ii alwayi in the highest pontion, but ae Ihe disc does not rurolre, the 
part which ii the bigfaeet le oonrtantly changed, and ever; point is raiaed 
and depreaaed during each revolution of tbe crank. 

In working, aa tbe pistons aucceeeively preae apoQ the part of the diao 
before tbem, the azia of tbe crank pin tlescribea a cone, and the end in a 
crank revolves in a circle about the abaft and givee motioD to tbe latter by 
driving the etank. The outer aiufaoe of the diao, and the metal at the 
back of the engioe abont the ball-and-aooket joint are ooned to a bevel, to 
that aa the engine worka the diac oune riIIb upon the fixed cone, and the 
whole pteaanre ia borne by tlie rolling Burfaoes. The enda of tbe piston 
are also coned to the angle at which the diso plane ia inelined, and tbey 
have a similar rolling contact, alwaya presenting a radina of an obtuse 
cone to the plane, and thna giving a broad surface of contact to bear tbe 
pteeaure. The back cover of the engine ia aecured to tbe main casting by 



caating to lead off any iteam which may leak paat tbe piatona ; but nnlesa 
auch leakage eiiats, no steam gets to tbe crank, or crank-piu bearing. 

Qaa engines and heat eDginee of good design are of considerable aervice 
in aitnations where qneetiona of coat, convenience, and tbe like, prohibit the 
nse of ateauu Ooa engines can in additioa be made to devak^ conaidor- 

able power, and they have tbe advantage that tbey ere ready at a moment's notice without the 
delay csoaed by lighting Area, or setting np steam, or tbe ezpenae of keeping np preaaure during 
intervals in working, they require bat a amall amount of attendance, and are free from the dangera 
of ezploeion. In the smaller manufacturine iaduatriee tbey are of espeoial service, and frequently 
Dtay be employed with advantage to supplement the work of a factory engine with economiou 

Heal engines are suitable for sitoations where gas eannot be ocnveniently obtained, and have 
been largely employed for pumping water, driving magneto-electrio mochinea, and similar work in 
iiolated situations, such as dets!ched coun^ mansions, forta, liglitbouiea. and tbe like. 

Figs. 1221 and 1222 ore an elevation and seetion respectively of a 10 horse-poner caloric engine, 
naade by A, and F, Bromi, of New York. It is single-aoling and baa a bed plate a. beater b, 
working cylinder c, beam d, flywheel e, atr-comproesiug pomp /, and valve gear A. The heater 
b is composed of a caat-iran cyliuder, and is fitted with a firebrick famoce. Two cast-iron pipes, 
i, fitted with air-tight doora, one for aoceaa to the furnace, and the other to the ash pit, are pro- 
vided. Biota are formed iu these pipes, to aflbid communication between the furnace, asb pit, and 
the annular apaoe referred to. A feeding hopper I is also fitted to the orown of the furnace, and is 
provided with two air-tight doors, one opening outwards aud the otber inwards. The inoer door 
Is provided with a deflecting plate, to prelect it from the intense beat of tbe fumnce. Tbe space 
between these doora ia aoCBoient to coutain fuel for one cliarge. The foel, anthracite ooel, or coke, 
ia introdnoed to the funiaoe by closing the outer door and depressing the inner one, by meant of a 
lever. The air pump /, wliich is aiiigle^etiog, hat a piston stroke of 20 iu. It oompreMM and 
deliver* air to the lieater through a clunnei a' in the bed plat^ where it snpportt ooiabustioD, and 



delitered by thooi 

ilate, and feme* into tbo taraaae through tb« (lots in the eaEt-iron pipes i k. The expanded tir, 
lanng done its dulv in the cylinder, i» permitted to e«oape into the open aii br meatu of an ootlat 

nlT« actuated liiiiikrly to the inlet valre. The down itroke of the engioe u pntomed by th« 






ot the Hywheel and the dewsendini; parta. Tbe working ovitndet b fitted with a trunk 



^_^t regularity. The snull air pnnip, Vig. 1221, which li alao Biogle-ecting, 20 In. rtnike, 

for oompreMing air to 50 Ih. a ' ' .-..". 

tbrworkat alighthonn, Tho. ... 

of ooke an hour, being «iual to 3 lb. to each effective horte-power ai 

A Bmall bol-air engine is generally raqnired, however, to fulfil two mIb of oonditioni ; to he 
moderalety tnonomkal in ita working, and to be limple, ttnlghtlbrward, and eaaily maoaged by 



lO Ih. B iq. in. for sounding the Siren fog siRnal when the engine i» emplojed 
1. Theae tngintt are «t»led to work npon the moderate Donnunption or 30 lb. 
equal to 3 lb. to each effective horte-power an hoar. 
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. The liot«b flngine, inTmled b^ A. K. Rider of New Totk, and made in England 
by Uayvood, Tyler, and Co^ London, ia an efficient and limple motor; ft poaseMes Tew working 
parta and thoaa uf a *ery simple kind, and no TalTes. The twe of a regeneralor enables it to attain 
■rano degree of economy, for it i* hvdij poenhle fiir an air engine to be eoonomical in practice 
without tlie regenerator. 

Fig. 1223 is a aeotion of Bider'a engine which conaiiU of a cnmpreMlon cylindar A, and a poww 
cylinder B, nitb pietons D, and connection!, and a legenentor H. 

The lower ptotioa of A i» kept cold by a current of water drculating thnnigh the oooler, which 
•nmandttbe lower portion of thia cylinder; the lower portion B ii kept bet by uie Mtlon of tho hn 
below Ifae lieater F. The heating, and aim the ooolLng 

of the air, ii quickly effects by its alternate preeenti- "*^ 

tion to the Bnr&oee of the beater and cooler, in a thin 
anngtar sheet The jualon of A eztenda downwards to 
tho bale of the engine, and ia a trifle soialler than the 
cooler, thna learing a thin apace on all aides for the 
air to paM downward and become oool on ita way to 
(be bottom ; tbrongh this spaoa it alao flows on ita way 
back to Iho healer. The power plutoo D likewise ex- 
tends dowDwanls into the beater F, shaped to rise in 
the oentre, and present to the action of tbe flie a 
narrow aiiDalaa all araund tho bottom. C is a tbin iron 
nlinder, abont one-fonrth of an inch leaa In diameter 
than tlie interior of tbe beater. It is fitted to the 
Interior of the power oy Under B, and Bzlenda nearly to 
the bottfsn. Its olBce ia to canae the air which flows 
fram the compreadon cylinder to be preKnlnl in a thin 
•heet all aronnd the interior snrface of tbe heater, and 
particnlarly at Um lower and butler portion. By tbia 
means the air is thnonghly and rapidly heated. 

The same air ia nsed oonlinnoualy, being merely 
shifted from one cylinder to another. 

The regenerator H is oompoaed of a number of tbin 
platea alightly thickened at their edges, wbich, while 

r~ " * to the air, anbdiridea it i ' 

between the cylinders aa to 
n its paasaee each way. T 
J abiitructea from, and retnn 
._ _ . . 1 its paasage baekwards and forwards 
through tbeee platea, imparting economy of power and 
■teodinee* to the engine. 

Tbe piatona are attached to otanke 1 1, which stand 
at an angle of 9Sf with each other, tbe crank of the 
power piston being in advance, by connecting roda J J. 
KK. are li«ther packinga. Tbe lower one baa its lap 
downwarda to realM the escape of air below tbe piston, 
tbe upper one its lap opwerda to preTcnt tbe lubri- 
cating material from entering too neely into tlie cylinders. Between them is tbe reliof ring, to 
relieve the friction or the packings. 

L is a check valve to supply any leakage of air which may occur. It ia generally placed at the 
back of tbe engine, at the lower part of Oie oomprsMioa cylinder, but ia here sliown on the other 
■ids. 

In working Eider's engine, the piston of A oompreaaeg the cold air in the low«r part of A tnto one- 
third its normal volnnie, when, by the npwHrd motion of the piston D, and the completion of the 
down atruke of A, the air is tiansfonned from A, tbningh tbe regenerator H, and into tbe heater F 
without appreciable change of volnme. Tbe r^olt is a greater increase of preaaiire. oorreaponding 
to the increase of temperature, and this impels the power piMon np to the end of its atioke. The 
prewnre stiil remaining in the power cylinder and reacting on tlio compreeiiion piatoo, forces the 
lattrr upwarda till it rencbes nearly lo the top of its atroke, whan by the cooling of tbe charge of 
air tlie preaanre (alia to ita minimum, the power piaCon deacemla, and tho oompreaaian again bcgini. 
In the meantime the heated air in paaaitig through the regenerator, haa left the greater portion of 
ita heat in the regenerator plates, to be imparled and utilized on the return of the air towards the 
heater. Tliia proeeaa recars at each revolulion. 

Tbe Biaobotr gas engine. Figs. 122* lo 1226, lias a breastplate, with which the vertical cylinder 
ia cast, as well as the valve chamber, and the cylinder oover and ataffiog box prolonged above 
to form a guide for tbe piston-rod bead, and having the earing bracket for the shaft oiist along 
with it. The apace above the piaun communicates frei^ly with the air by the rectangular opening 
Fig. 1224, The bottom of the oyIind>.-r haa a single port ooromunicating with the chamber of a 
phun piston valve, which when rained opens common loalinn with ttie eihauat. and when down, 
aa in Fig. 1225, oonneota tbe cylinder with tbe ^ and air inlet openings. This rolve ia worked 
by an ordinary eccentric through the intervention of a rocking lover. The eoceutrio ia placed 
about 13S° in advance of the crank. At a third of tho atroke up the cylinder there is a little opening 
<m one side of the lalttr, opposite which, ouUidc, is the no^a of a small gaa pipe ; and directly 
below this nozzle ia an cmlinary burner, oonnecled with (he Bame pipe, the gaa at which ia kupt 
always lighted. Pig. 1224. Tbe two gas burners are protected ttom drangbta by enclosure in a box 
caaiag. The upper burner ia tbe real ignition jet, the function of the lower one, which is burning 
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oontinuoiulT, is to relight the other when it is hlown out. The oiank shaft He! aeroes the maehine 
a oonsidemble distance from its axis, the apparent irregnlarity of action of this airangement being 
ingeniously taken advantage of. 

The piston being at the bottom of its stroke, is at first raised by the energy stored in the fly- 
wheel and counterweight, and draws into the cylinder the mixture of air and gas thioogh the 
valve. As soon as th.e bottom of the piston rises above the opening in the cylinder side, the jet 
outside explodes the mixture, and the explosion drives the piston to the top of its strokk The 
pressure under the piston falls below that of the atmosphere, so that in its descending oonrse the 
piston is at first driven downwards by the atmospheric pressure. The position of the connecting 
rod is so adjusted that it acts direct on the crank when the explosion drives the piston upwards. 



1224. 



i2as. 




Each of the two indiarubber gas pipes is carried through a spring closer, consisting of an 
upright bracket, having a thin flat spring carried up beside it, adjustable at the top by a nut 
The pipe is held between the spring and the standshrd, and can be closed at will by turning the 
nut, which gives a yery flne adjustment for regulating the quantity of gas passing. 

The heat from the cylinder is got rid of by radiation, a number of radial riba, Fig. 1226, being 
cast from the cylinder to increase ite surface for this purpose. 

The little apparatus shown below the cylinder m Fig. 1225 is a burner for heating it before 
starting. When working at its nominal power the engine should run ^m 100 to 120 revidntionfl 
a minute, for a much less power, say ^ horse-power, at from 60 to 70 turns, i to ^ horse-poWer, al 
130 to 145 turns a minute. To get the machine to work steadily at very small powers, it is 
necessary to carry a weighted coni round the flywheel, to act as a brake and increase the 
resistance. 

The machine, Fig. 1224, is said to use about 11 *5 cub. ft. an hour, or about 145 cub. ft. a horse- 
power an hour. 

Figs. 1227 to 1229 are elevation, plan, and end elevation respectively of the Otto gas engine ; 
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uidFig. ISSOuaMoUoaof thsorUnderMidnilTeoiiaaomeirhBt Urger Male. The cylinder, ^wn 
. mt the Root end, a fitted at bock irith a coTer, A, oaiTTlng porta, and having a faoe ^ainit irhidi 
a iliile valve can irork ; thii valve being kept in place bj a ieparate oovar held againit It 
by the two qnnd apiinga. Figs. 1Z27, 1228. 

When Ihe piston is at the baok of its stroka ready to draw In the esplodve mixture, the valve 
■•in •nob a pcaitian that the port,yi,in it makes commnnicatioa betireea tbe paaiageBj and < In 




the cylinder A. When the piiton moveo, it drawl in ait through the valve firwn the opening a and 
the pipe b, and at the same time drawi In gai tbrongh the imall opening k, on the baok of the 
valve, wbioh i» then oppoaite the paaaage B in the valve cover which communioatea with the pipe ft, 
Fig. 1229, above. The admiaeion opening having been thus made and oloaed, the piston begins to 
r^am, and during its return the valve, moving continaoiuly, keep* the port I closed. Ai the 
■eoond stroke oommenoee, the paBsage n crane* oppoaite /, havine been in oommonication with n* 
and 0. In the chamber m a nnall gas jet is alwayi bnrning, fed by the pipe m. Fig. 1229, and 
throogh a small stream of gas is allowed to paafc The passage n thns filled with gas from a 
ignited from m comes to/; this ignites the mixture in the cylinder and starts the stroke, while 
on the lotom stroke of the piston, the spent gaaee a" ""'^ ^ "^ "■ 
bottom of the cylinder. 

y tbat the valve shoald make only on 



e diseha^ed tbroagh the o; 
e reoiprooalion Ibr two •trokes of the piston, 



gearing ; it is merel; a small loaded tall im. 

govemur. By numne of a le*er to it con- 

trola tlie podtioD of the oani r upon the 

ahafl, 8o ttutt if the Bpcul of the engiae 

exoeedB a oertaiii limit tbe gas admia- 

aion valve ;; is left cloaed, aod tba 

engine ruaa on until Bnfflcient of its 

atored-up energy ia expended to bring 

the speed down to its proper levsL 

The cylinder ia eoclceed in a water 
Mcket in order to prevent overheating. 
To eoanre a circulation of valer, it haa 
baen found Buffloieot to connect the lop 
and bottom of the jacket with the top 
and bottoBi of a filled reaervuir. The 
diffeienee in the denntiea of the hot 
and cold water ia enough to let up and 
DiaiiltMn the reqniaite circulation. The 
water enters by one pipe, and returns 
to the reaervotr by another, being oooled 
■nffioientl^ by contact with the air to be 
nted continuously. To avoid shock at 
exhanat. the hot gaaes are discharged 
thtoii^ » pipe into a teBervoir placed 
at a little distance, from which they paw 
into the atmoephere by a pipe and 
nozzle. The Inbrioatioti of the piston 
and valve ia effected by the self-acting 

Inbricolor a a, driven from the countw '>*<^ 

ahaft. 

In Hook's petroleum engine the 
rnoTing power is petroleum commingled 
with air. and ienited by the flame of a 
light hydrocarbon vapour beliind the 
piston in a oylinder. The ignition la 
effected by gas prodooed by the engine 
itself, BO that it ia iDdependent of any 
aitraneous aid beyond the proper supply 
of its own fnel. 

Figa. 1231 to 1235 ahow genertil and 
detail views of this engioeL Fig. 1231 
being a side elevation. Fig. 1232 a 
plan. Figa. 1233 to I23fi illustrate the 
principal details. A is the leeervoir 
containing the petrolemn used for feed- 
ing the engine. The level of the oil can 
be altered at will by raising or depres- 

idng the soILd pInDger B^y means of the aorewC. The level of the petrolemn can be aeeertainod 
by a gauge A. If the petroleum stands at a high level the engine does more, and if low lesa 
work, with a proportionate oonsnmplion of inatenaL The pipe E is screwed into the cover of the 
OTiinder Z at one end, whdst at the other at B' it U in oonnection with the petrolenm reaervoir 
To the pipe E IS attached a small ehaaiber in which a valve E' works onlomatically The obieut 
of the bent tube P. with the valve F', is to admit air to breiik up and disperse the jet of Detroleani 
the moment it enters the oylinder. J t~ 

™ ^?:S,'P'*' j° K""^!^*^^^^ **'.® "?•* °^ '° "f foroe-pnmp. A hollow hemispherical oliamber R, 
Fig. IMt, made of indrnmbber IS closed by an iron pUte. in which ia fitted a cook Q, in order to 
place the interior of the chamber in communication wiUi the atDKwphere when neoeMary An 

rning in the ^Iste is covered by an indiambber valve 8. opening inwarda, and thnnigh whteh the 
mber draws in atmospheric air, after the proesure of the buffer T, which is worted^ an ecoea. 
trio rod, i^ been removed. A pipe opening into the chamber. ooDdncta the abncapberiu air 
compreased by the buffer T, to Uie bottom of the apparatus for making the gas at H TWs consisb 
of an iron cjlindrioal vessel filled with naphtha. The compressed air being oonduoted through the 
pipe F to the bottom of the veesel H, pa^ee upwards through the naphtha, and in this maaner 
forms a combustible gas. This iUmnioating gas leaves the vessel H at J', and is disoharsed at 
PBguhkT intervals in rapid snooeBsioQ into the atmosphere at J, to be ignited by the constant Same 
of the burner N . Tha burner is fed by gas which is made in the apperatus H, and is delivered 
by the pipe K into the small gasholder M, proceeding thence to the burner l^ the pipe S N" is a 
screen of sheet iron which proteots the flame from being eitingaiJied. The horisontal flame Ihua 
the burner J laiuteniutteiit, being expelled with greater or less foroe according to tbe prassute of 



flu boflbr T on the bMiiiBpbetioiJ ohMaber, vid the UBonst of preanm li dependent on the podtion 
of the buffer lod ecoentrio. 

On the Oflioder oeoi the cover, Fig. 1235, !■ the Tklve ohert X, oantaioiiig two vslvea 6 and e, 
which are phced oppomte each othee, ud both of which open inwtnii. The tbIvb c Bairee for the 




^Khai^ Mid allows the prodneta of oomboation to eaoape, by being preBaad open bj the ei . . 
tod W, while the piston in the ovlinder moras backwards. After the gases have escaped, the spiral 

__.__T.r. !3,__i .l.g^^._:„ , „ . 
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Thme gaaeemm kw&t at » high tempentnre, Bud nuv be lued for wumiiig woifabop* bj mMU 

of tubing, xlie air ftdmisaioD valve h reguliLtee indiieotl^ the qaantity of petiolenm, wbioh ii intto- 

dnoed into the cylinder at ever; tiavd of the piston ; it ii more oi leu weigbted by ine«iu of a 

■tsel apinl ipring, which is anoloaed in • metal cue. Thii ipring is ooiled Monnd >n inni rod, 

which ji>B a button at its lower end to retain the epiing. The npper end of tbis lod tbrnu a Borew, 

bj means of which and a nut the teosion of the g^^ 

nirinE is legnluted. As the introduction of the 

liquid pelroleuin, as well as of the air, into the 

cylinder tatee plaoe through the superior prennre 

ot the abDoepDere respeotivel]', owing to the 

Tacuam producod by the moving forward of the 

platen in the oylinder, the quautit; of petroleum 

tatrodneed depends, in the flrat place, on the 

weight brought to bear on the air valve b. If 

there is no weight at all on the valve, the piatona 

will draw in air only, and no petroleum ; should 

the weight on the valve be esoeatdve, above one 

atmoBpneie, it will not open, and no air, except 

that admitted by the Tal*e c, will enter, bnt there 

woold be ft gre«t ezoeM cf petroleum in the 

cylinder. 

The eylioder Z is doable, havine a water 
nmoe aroimd it, to whioh water is supplied by the 
mrcnlating pomp U, to prevent eiceseive heating. 
The circulating pnmp ia not indispenBable, a* 
* ii cooling may be applied in other waya. 



But the heating of the cylinder and of the piston 
to a tonperatnre at which ■■ ■ ■ ■ - ■■ • - 
irear of the engine. 



ktnre at which the inbrleatlDg oil burns must be prevented, in order to avoid a rapid 



Id starting the engine, the Sywheel li flnt moved, and the piston is travelled forward in tlM 
cylinder, when it wonldcreatii a vacuum behind it, if the air valves 6, Fig. 1235, and F', Fig. 12^ 
did not admit air, and the pipe E, Fig, 1233, petrolenm in very smsll quantities at the aame time. 
The petroleum, which is Injected aa a fine jet, becomes dispersed or formed into a fine spray, by the 
io-nish of air &om the tube F nearly at right angles to it. When the piston has moved Ginrard 
about a quarter of its travel, there ia behind it a mixture of finely-divided partly-vaporised petro- 
leum and atmospherio air. At this point the buffer strikes the elastio cliamber B. in oooseqtMOOe 
of which a current of combnatible gas darts out of the jet J, Fig. 1231, ia ignitad by (be con- 
stantly burning flame at N', enters the cylinder, and ignites the mixture. The oombnrtlon takea 
place at a high temperature, and with proportionate pressure. All the valves opening inwarda ara 
dosed by the explosion, the piston ia pushed forwat<^ completing its stroke, and thos taking up in 
the shape of woni, a great portinu of the heat produced. The beohward travel of the piston is 
effeotM throng the action of the flywheel. The same proceis is repealed in the next forward 
stroke, and the engine is thos set io motion. If it moves too quickly, tiie ball governor acta Dpon 
the valve i, through the sprine. Fig. 1235, and reduces the weiehc on the valve. At the next 
stroke more air, and consequently leas petroleum, enters the cylinder, and the speed slackens. The 
reverse of this takes place if the engine is running too sbwly. If the codi Q on the elastio 
chamber is opened whilst the engine is in motion, the sir which is in Ibe chamber will nut be 
(breed into the gas-making apparatus H, but wilt pass into the air. In consequenos of this tto gaa 
will escape at J, the explosive mixture in the cylinder will not be ignited, and the engine will stop 
after a few revolutions for want of impulse. The mme effect will be produced if the eock B , 
Fig. 1233, ia shut, as tlie snpply of petroleum would then be stopped and air only would be 
admitted into the cylinder. 

In Thomson, Sterne, and Oo.'e carbon engine, of which Figs. 1236 and 1237 are aectiona] elevation 
and plan, the tied plats of the machine consists of a deep hollow etutiog, into the top table of 
which two vertical cylinders are reoessed. That to the left is the working cylinder, which is 8 in. 
in diameter with 12 in. stroke, while the other is the air pump, and is 8 in. in diameter with a 
C in. stroke. A pipe forma the connection between the air pump and working cylinder. The air 
is flrat compressed in the air pump, wbenoe it is delivered tiirough this pipe psiit an inlet valve into 
the wortdng cylinder. On its way to the latter the air passes tlirongh perforatad brass discs, having 
wire game placed between them, just above the eotranoe to the working cylinder. An annnlsr 
space, Pig. 1236, just above these discs is pocked with felt, and into this the hydrocarbon oil is 
pnm;rad mim a sli^ tank by a ranall pump, and worked by an eccentric on tbe shaft by whioh the 
valves are operated. From tbe felt the oil is transferred to the discs, over whidi it is distributed. 
On passing through the discs the air becomes charged with hydrocarbon vapour, to the exisot 
necessary to efieot its complete oombustion in the wor&ng cylinder. 

In the chamber just below the diace is a flame, whioh is caused by igniting thia inSatomable 
mixture at that point before starting the engine. This flame is constantly maintained daring 
working, each additional chatge of saturated air is ignited as it passes this point, and then acts cm 
the piston. The engine ia single-acting, fltted with a flvwheel, the piston receiving; its impulse 
on the down stroke, at the end of whien the exhaust valve in the top of the cylini^ is opened, 
and is c1r«ed just before the piston finishes its up stn^e. 

At the lower part of tbe engine are two malleable iron tubes which form air reservoirs. One of 
these is a r^ulator, used for preventing too gieot variaUons in the air preaaure, whilst the olber 
contains a store of highly oompryssed air, which can be used fur ktartuig the engine instead of 
giving the flywheel a toju. 
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The otmneotine rode are ooopled to the WorkiDg piston and air-pmnp piston by thin plates, 
which pennit of the necessary flezibilitT, there being no loinis at these points. Motion is com- 
mnnicated to the cnnk shall through a beam mount^ within the engine niune, the TaWes of the 
working cylinder and air pomp are operated from a shaft, which is coupled to the crank shaft by 
bevel gear, and which cairies the governor. The opening of the valve which admits air into the 
workio^ cylinder, is effected by a cam oo the sliding sleeve of tiie govenior. 

133S. 




1337. 

In external appearance the engine resembles a small horizontal engine. The cylinder is single- 
acting, open at ue frcmt end, and so arranged that it only completes its cycle of operations once in 
two complete double strokes. The piston in moving forward draws iuto the cylinder a mixture of 
air and ^xA gas, the latter in measured quantity ; returning, It oompresses this mixture into little 
more than one-third of its volume, as drawn in at atmospheric pressure ; these two operations take 
up one complete double stroka As the piston is ready to commence the next stroke the burnt 
gases are expelled firom the cylinder, and toe whole made ready to start afresh. Work is actually 
being done on ihe piston, therefore, only during one-quarter of the time it is in motion, the gearing, 
as well as the work driven, being carried forward by the flywheel during the rest of the time. 

EXPLOSIVES. 

A knowledge of the properties and respective values of the various kinds of explosives, is essential 
to every engineer who has at any time to employ blasting in his practice, and this is all the more 
necessary as there is considerable danger, and oftentimes great waste, in dealing with substances of 
the character in question, of whose particular nature we are partially ignorant. It should be 
borne in mind that an explosive mixture is a combination of certam chemiciu substances, capable of 
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being snddenly transformed into gas by tbe application of heat. Henoe an explosion is a sodden 
evolution of gases accompanied by pressnie, the intensity of the pressoze depending upon the 
nature of tbe mixture. 

In the combustion of gunpowder, the elements of which it is composed combine to form, as 
gaseous products, carbonic acid, carbonic oxide, nitrogen, sulphuretted hydrogen, and mareh gas or 
oarburetted hydrogen, and, as solid products, sulphate, hypCsulphite, sulphide, and carbonate of 
potassium. Theoretically, some of these nompounos should not be produced ; but experiment has 
shown that they are. It has also been ascertoined that the greater the pressure, the higher is the 
proportion of carbonic add produced, so that tbe more work the powder nas to do, the more perfect 
will be the combustion, and, consequently, the greater will be the force developed. Hence over* 
charging is not only very wasteful of the explosive, but the atmosphere is more noxknisly fouled 
thereby. Tbe same remark applies even more strongly to gun-cotton and the nitro-glyoerine 
compounds. 

The careful experiments of Noble and Abel have shown that the explosion of gunpowder 

produces about 57 per cent by weight of solid matters, and 43 per cent, of permanent gases. The 

solid matters are, at the moment of explosion, in a fluid state. When in this state they occupy 

0*6 of the space originally filled by the gunpowder, consequentlv the gases occupy only 0*4 of that 

space. These gases would, at atmospheric pressure and 32^ F. temperature, occupy a space 

280 times that filled by the powder. As they are compressed into 0*4 of that space, they would 

280 
give a pressure of ^r;^ x 15 s 10,500 lb., or about 4 *68 tons to the sq. in. But a great quantity 

of heat is liberated in the reaction, and this heat will enormously increase the tension of the 

gases. The experiments of Noble and Abel showed that the temperature of the gases at the 

mstant of explo^on is about 4000° F. Thus tbe temperature of 32^^ + 461^*2 = 493*2 absolute, 

4000 
has been raised j^^t^= 8*11 times, so that the total pressure of the gases will be 4*68 x 8*11 = 

493*2 

37*9 tons to the sq. in. And something near this pressure was, in the experiments referred to» 

generally indicated by the crusher gauge; althoi^h gunpowder exploded in a space which it 

completely fills, has developed a force estimated as giviug a pressure of about 42 tons to the sq. in. 

Unfortunately no complete experiments have hitherto been made to determine the absolute 
force developed by gun-cotton and nitro-glycerine. We are, therefore, unable to estimate tbe 
pressure produced by the explosion of those substances, or to make an accurate evaluation of their 
strength* relatively to that of gunpowder. It should, however, be borne in mind that a correct 
estimate of the pressure product to the sq. in. would not enable us to make a full com- 
pariBon of the effects they were capable of causing. For though, by ascertaining that one explosive 
gives twice tbe pressure of another, we learn that one will produce twice the effect of another; yet 
it by no means follows from that fact that the stronger will produce no more than twice tbe efileot 
of the weaker. The rending effect of an cxplnsive depends, in a great measure, on the rapidity with 
which combustion takes place. The force suddenly developed by the decomposition of the chemical 
compounds acts like a blow, and the same force, when applied in this way, will produce a greater 
effect than when it is applied as a gradually increasing pressure. But some calcidations have been 
made, and some experiments carried out, which enable us to form an approximate estimate of the 
relative strength of these explosive substances. 

Bonx and Sarrau give the following as the result of their investigations, derived firom a con- 
sideration of the weight of the gases generated and of the heat liberated ;— 

Table I.— Belativb Stbsnoth of Exflobtves. 



Subetaaoe. 



Gunpowder .. 
Gun-cotton .. 
Nitro-glycerine 



ReUtfre 

Weight of 

Gaan. 



0*414 
0*850 
0*800 



HaAtlnUuits 

liberated 

fh>m 1 lb. 



1316 
1902 
3094 



ReUttre 
Sirength. 



1*00 
3*00 
4*80 



In Table I. the substances are simply exploded, and the strength of gunpowder is taken as unity. 
The relative strength is that due to the volume of tbe gases and the neat, no account being taken 
of tiie increased effect due to the rapidity of the explosion. 

Alfred Nobel has essayed to appreciate the effects of these different explosives bv means of a 
mortar loaded with a 32-1d. shot and set at an angle of 10^, the distances traversed by the shot being 
taken as tbe results to be compared. Considered, weight for weight, he estimates as follows the 
relative strengths of the substances compared, gunpowder being again taken as unity ; — 

Gunpowder 1*00 I Dynamite 2*89 

Gun-cotton 2*84 | Nitro-glyceorine 4*00 

The relative strength, bulk for bulk, is, however, of greater importance in rock blasting. This 
is easily computed from the foregoing table and the specific gravity of the substances, which is 
1-00 for gunpowder and compressed gun-cotton, 1*60 n>r nitro-glycerine, and 1*65 for dynamite. 
Compared in this way, bulk for bulk, tiiese explosives range as follows ; — 

Gunpowder .. .. 1*00 I Dynamite 4*23 

Gun-cotton 2*57 | Nitro-glycerine 5*71 
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Henoe, for a givoii height of charge in a bore-hole, gim-cotton exerts aboat 2| timea the force of 
gonpowdeor, and dynamite about 4| times that force. 

The oxygen required for the oombnstion of the carbon in gunpowder is stored np in the salt- 
petre. So long as the saltpetre remains below a certain temperature, it will retain its oxygen ; 
out when that temperature is reached, it will part with that element. To fire gunpowder, heat is 
therefore made use of to liberate the oxygen^ which at once seizes upon the carbon with which it 
is in presence. The means employed to oonyey heat to an explosive have been described in the 
article on Blasting. It is necessary to apply heat to one point only of the explosive; it is sufficient 
if it be applied to only one grain. That portion of the grain which is thus raised in temperature 
begins to bum, as it is commonly expressed, that is, this portion enters at once into a state of 
combustion, the saltpetre giving up its oxygen, and the liberated oxygen entering into combination 
with the carbon. The setting up of this action is called ignition. The hot gases generated by 
the combustion set up, ignite ower grains surrounding the one first ignited; the gases resulting 
from the combustion of tiiese ignite other grains ; and, in this way, igpuUon is conveyed throughout 
the mass. Thus the progress uf ignition is gradual Bat though it takes place, in every case, 
giaduaUy, if the gases are confined within the nwoe occupied by the powder, it may be extremely 
rapid. It is easy to see that the gases evolved from a very small number of grains are sufficient 
to fill all the interstices, and to surround every individual grain of which the charge is composjed. 
But besides this ig^tion from grain to grain, the same thing goes on from the outside to the inside 
of each individual grain, the grain burning gradually from tlie outside to the inside in concentric 
layers. The successive ignitions in this direction, however, of layer after layer, are usually described 
as the progress of combustion. Thus the time of an explosion is made up of that necessary for the 
ignition of all the grains, and of that required for their complete combustion. 

The time of ignition is determined in a greut measure by the proportion which the interstices, 
or empty spaces between the grains, bear to the whole space occupied by the powder. If the latter 
be in the form of an impalpable dust, ignition cannot extend throughout the mass in the manner we 
have described; but we shall have merely combustion proce«Hiing from grain to grain. If^ on the 
contrary, the powder is in large spherical grains or pellets, the interstices will be large, and the 
firdt gases finrmed will flash through these, and ignite all Uie grains one after another with such 
rapidity that ignition may be regarded as simultaneous. Thus the time of ignition is shortened by 
increasing the size of the grains and approximating the latter to the spherical form. 

But the time of combustion is determined by condiUons contrary to these. As combustion 
proceeds gradually from the outside to the inside of a g^in, it is obvious that the larger the grain 
IS, the longer will be the time required to bum it in. Also it is evident that if the grain be in the 
form of a win flake, it will be burned in a much shorter time than if it be in the spherical form. 
Thus the conditions of rapid ignition and rapid combostion are antagonistic The minimum time 
of explosion is obtained when the grains are irregular in shape, and only sufficiently large to 
allow a fairly free passage to the hot gases. There are other conditions which influence the time 
of combustion ; among them ii the density of the grain. The denser the grain, the greater is the 
quantity of material to be consumed. But besides this, combustion proceeds more slowly through 
a dense grain than through an open one. The predcnoe of moisture also tends to retitfd 
combostion. 

The progress both of ignition and of combustioQ is accelerated, not uniform. In pn^rtion as 
the grains axe ignited, the gases evolved increase in volume, and as the progress of combustion con- 
tinuee to generate gases, the tension of these increases, until the pressure rises as high as 42 tons to 
the square inch. As the pressure increases, the hot gases are forced more and more deeply into the 
grains, and combustion, consequently, proceeds more and more rapidly. 

By detonation is meant the smiultaneons breaking up of all the molecules of which the 
explosive substance is composed.- Properly the term is applicable to the chemical compounds only. 
But it is applied to gunpowder to denote the simultaneous ignition of all the grains. The mode of 
firing by detonation is very fiftvonrable to the rending effect required of blasting powder, since it 
reduces to a minimum the time of explosion. It is brought about, in all cases, by means of an 
initial explosion. The detonator, which produces this, consists of an explosive that is quick in its 
action, contained within a case sufficiently strong to retain the gases untU they have acquired a 
considerable tension. When the case bursts, this tension forces tnem instantaneously through tiie 
interstices of the powder, and so produces simultaneous ignition. A pellet of gun-cotton, or a 
cartridge of djrnamite, the latter especially, makes a good detonator for gunpowder. Fired in this 
way, very much better effects may be obtained from gunpowder than when fired in the usual 
manner. Indeed, in many kinds of rock| more work may oe done with it than with gun-cotton or 
with dynamite. 

The action of a detonator upon a chemical compound is different In this case, the explosion 
seems to be due more to the vibration caused by the blow than by the heat of the gases from the 
detonator. Probably both of these causes operate in producing the elTect. Under the influence of 
the explosion of the detonator, the molecules of a chemical compound, like nitro-glyoerine, are 
broken up so nearly simultaneously, that no tamping is needed to obtain the full effect of the 
exploeion. Dynamite is always, and gun-cotton is usually, fired by means of a detonator. A much 
lumper quantity of explosive is needed to detonate gunpowder than is required for dynamite, or 
gun-cotton, since, for the former explosive, a large volume of gases is requisite. Dynamite 
detonators usually consist of from six to nine grams of fulminate of mercury contained in a copper 
cap. Gun-cotton detonators are similar, but have a charge of from ten to fifteen grains of the 
fulminate. An insufficient charge will only scatter the explosive instead of firing it, if it be 
unconfined, and only explode it without detonation, if it be in a confined space. 

The combustion of gunpowder being gradual and comparatively slow, its action is rending and 
projecting rather than shattering. T£us constitutes one of its onief merits for certain purposes. 
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In many qnairying operationa, for instance, the shattering action of the ohemieal oompounda would 
be very destmctiTe to the produce. In freeing blooks of slate, or of building stone, a oompaiatively 
gentle lifting aotion is required, and such an action is exerted by gunpowder. MoreoTor, tnis action 
may be modified by using light tumping, or by using no tamping, a mode of employing gunpowder 
often adopted in slate quarries The effect of the violent explosiTes cannot be modified In this 
way. 

Ghiupowder is injured by moisture. A high degree of moisture will destroy its explosiTe 
properties altogether, so that it cannot be used in water without some protective covering. Even a 
slignt degree of mointure, as little as one per cent, of its weight, materiHllydiminishes its strength. 
For this reason, it should be used, in damp ground, only in cartridges. This is, indeed, the most 
oonvenient and the most economical way of using gunpowder in all circumstanoea. It is true that 
tliere is a slight loss of force occasioned by the emptv space around the cartridge, in holes that are 
far from circular in shape. But at least as much will be lost without the cartridge from the 
moisture derived ftom the rock, even if the hole is not wet. But in all downward holes, the 
emptv spaces may be more or less oompletely filled up with dry loose sand. 

The products of the explosion of gunpowder are partly ^[aseous, partly solid. Of the former, 
the most important are caroonio add, carbonic oxide, and nitrogen. The sulphuretted and the 
carburetted hydrogen are formed in only small quantities. The carbonio oxide is a very noxSona 
gas ; but it is not formed in any considerable quantity, except in ease of overcharging. The 
solid products are compounds of potassium and sulphur, and potassium and carbon. These con- 
stitute the smoke, the dense volumes of which characterize the explosion of gunpowder. This 
smoke prevents the immediate return of the miner to the working face after the blast has taken 
place. 

The combustion of gun-cotton takes i^ace with extreme rapidity, in consequence of which its 
action is very violent. Its effect is rather to shatter the rock than to lift it out in large bkwka. 
This quality renders it unsuitable to many quarrying operations. In certain kinds of weak rock, 
its disruptive effects are inferior to those produced by gunpowder. But in ordinarv mining opera- 
tions, where strong tough rock has to be dealt with, its superior strength and quiokneis of aetioo, 
{larticularly the latter quality, produce much greater disruptive effect than can be obtained from 
gunpowder. Moreover, its shattering action tends to break up into small pieces the rook dislodged, 
whereby its removal is greatly facilitated. 

Oon-ootton may be detonated when in a wet state by means of a small quantity of the dry 
materiaL This allows the substance to be used in a wet hole without protection, and oonduoea 
greatlv to the security of those who handle it. When in the wet state, it is uninflammable, and 
cannot be exploded b^ the heaviest blows. Only a powerful detonation will bring about ao 
explosion in it when in the wet state. It is, therefore, for safety, kept and used in that state. 
Since it is insensible to blows, it may be rammed tightly into the bore-hole, so as to fill up all 
empty spaces. The primer of dry gun-cotton, however, which is to detonate it, must be kept 
perfectly dry, and handled with caution, as it readily detonates from a blow. Gun-ootton, when 
ignited in sniall quantities in an unconfined space, burns fiercely, but does not explode. 

The products of the combustion of gun-cotton are ;— Oarbonic acid, carbonic oxide, water, and a 
little carburetted hydroeen or marsh gas. On account of the iiisufficieoc^ of oxygen, alrsady 
pointed out, a considen9)le proportion of carbonio oxide is formed, which vitiates the atmosphere 
luto which it is dischufced. Overoharging, as in the case of gunpowder, causes an abnormal 
quantity of the oxide to be formed. 

As combustion takes place more rapidly in nitro-glyoerine than in gun-cotton, the efleots of 
dynamite are more shattering than those of the latter substance. Qun-cotton holds, indeed, a mean 
position in this respect between dynamite, on the one hand, and gunpowder on the other. Dynamite 
[b, therefore, even less suitable than gun-ootton for those uses which are required to give the prodnoe 
in large blocks. But in very hard and tough rook, it is oonsiderobly more effective than gun- 
ootton, and, under some conditions, it will bring out rook which gun-cotton fails to loosen. 

Dynamite is unaffected by water, so that it may be used in wet holes ; indeed, water is commonly 
used as tamping, with this explosive. In upwud holes, where water cannot, of course, be used, 
dynamite is generally fired without tamping, its quick action rendering this unnecessary. 

The pasty form of dynamite constitutes a great practical advantagi9, inasmuch as it allows the 
explosive to be rammed tightly into the bore-hole so as to fill up ail empty spaces and crevices. 
This idso renders it very safe to handle, as blows can hardly produce suiBcient heat in it to cause 
explosion. If a small quantity of dynamite be placed upon an anvil and struck with a hammer, it 
explodes readily ; but a larger quantity so struck does not explode, because the bk>w is cushioned 
by the kieselguhr. If ignited in small quantities in an unconfined space, it bums quietly without 
explosion. 

If dynamite be much handled out of the oartridges. it causes violent headaches; and the same 
effect is produced by being in a close room with it in the unfroxen state. 

Dynamite possesses the disadvantage of freezing at a oomparativelv high temperature. At 
about 40° F. the nitro-glyoerine solidifies, and the dynamite becomes chalky in appearance. In 
this state it is exploded with difficulty, and, consequently, it has to be thawed before being used. 
Tliis may be safely done by leaving it a short time in a vessel which is immersed in hot water; 
performed in any other way the operation is dangerous. 

The products of the combustion of dynamite are carbonic acid, carbonic oxide, water, and nitro- 
gen. As, however, there is more than a sufficiency of oxygen in the compound, but little of the 
oxide is formed when the charge is not excessive. If, therefore, dynamite be properly detonated by 
using a detonator of suiBcient strength, and plscing it well into the primer, and overcharging be 
avoided, its exploeioD will not greatly vitiate the atmosphere. But if it be only partially detonated 
hypo-nitric fumes are given ofi; which have a very deleterious effect upon the health. 

Table IL shows the temperatures at which the commonly used compounds explode. 
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Tabub II. — ^Fmnio Points of Explosites. 



Gunpowder 

Gun<ootton \ 

Ck>ttoD powder / 

Kieselgiihr dynamite S 

Lithofraoteur / 

Cellulose dynamite 



When bIowIt 
Heated. 


Wben tnddenly 
Heated. 


• • 


from 500° to MO** 


360° 


482° 


356<> 


446° 


342° 


446° 



From Table 11. it will be seen that cotton powder explodes at the same temperatures as gun- 
ootton, and lithofraoteur at the same temperatures as kieselguhr dynamite. 

To famish the oxygen which is wanting, gun-cotton has sometimes incorporated with it a 
certain proportion of nitrate of potash, or of nitrate of baryta. This compound, which, it will be 
obeeryed, is at once a chemical compound and a mechanic^ mixture, is known as nitrated g^n- 
ootton. 

The explosive which is now well known as tonite or cotton powder, is a variety of nitrated gun- 
cotton. It is produced in a granulated form, and is compressed into cartridges of various dimensions 
to suit the requirements of practice. The convenient form in which tonate is made up, ready to 
the miner's hand, has greatly contributed towards bringing it into favour. But irrespective of 
this, the fact of its being so higly compressed as to give it a density equal, or nearly equal, to 
dynamite gives it a decided advantage over the other uitro-cotton compounds, as they are at present 
used. 

In Schultze's powder, the cellulose is obtained from wood. The wood is first sawn into sheets, 
about -^ in. thicK, and then passed through a machine, which punches it up into grains of a 
uniform size. These are deprived of their resinous matters by a process of boiliug in carbonate of 
Boda, and are farther cleansed by washing in water, steaming, and bleaching by chloride of lime. 
The grains, which are then pure cellulose, are converted into nitro-cellulose in the same way as 
cotton, by being treated with a mixture of nitric and sulphuric acids. The nitro-cellulose thus 
produced is subsequently steeped in a solution of nitrate of potash. Thus the finished compound is 
similar in character to nitrated gun-cotton. 

Lithofraoteur is a nitro-glycerine compound in which a portion of the base is made explosive. 
In dynamite, the base, or absorbent material, is, as we have said, a siliceous earth, called ** kiesel- 
guhr "; but in addition to kieselguhr, a mixture of nitrate of baryta and charcoal, a kind of gun- 
powder, is introduced. The object of employing this explosive mixture is to increase the force 
of the explosion, the kieselguhr being an inert substance. Obviously this object would be atttiined 
if the explosive mixture possessed the same absorbent power as the kieselguhr. But unfortunately 
it does not, and, as a consequence, less nitro-glycerme is used. Thus wlutt is gained in the 
absorbent is lost in the substance absorbed. The composition of lithofracteur varies somewhat ; 
but in general its ingredients are the following ; — 

Nitro-glycerine 32*50 

Nitrate of baryta 16*40 

Charcoal 2*85 

Sulphur 25*75 

Kieselguhr 22*50 

100*00 

In Germany, gun-cotton is used as an absorbent for nitro-glycerine, the compound being known 
as Cellulose dynamite. It is chiefly used for primers to explode frozen dynamite. It is more 
sensitive to blows than the kieselguhr dynamite. 

As to tiie quantity which is required for a given blast, theoretically the force due to the expan- 
sion of the gases is exerted equally in aU directions. Consequently, the surrounding mass subjected 
to this force will yield, if it yield at all, in its weakest part, that is, in the part which ofiers least 
resiBtance. The line along which the mass yields, or line of rupture, is caUed the line of least 
resistance, and is the distance traversed by the gases before reaching the surface. When the 
surrounding mass is uniformly resisting, the line of least resistance will be a straight line, and wiU 
be the shortest distance from the centre of the charge to the surface. Such, however, is rarely the 
case, and the line of rupture will in most instances be an irregular litie, often much longer than 
that from the centre direct to the surface. Hence in blasting there will be two things to deter- 
mine, the Une of least resistance, and the quantity of powder, or other explosive, requisite to 
overcome the resistance along that line. For it is obvious that all excess of powder is waste ; and, 
moreover, as the force developed by this excess must be expended upon something, it will probably 
be employed in doing mischief Charges of powder of uniform s^ngth produce effects varying 
with their weight, that is, a double charge will move a double mass. And as homogeneous masses 
vary as the cube of any similar line with them, the general rule is established, that charges of 

S»wder to produce similar results, are to each other as the cubes of the lines of least resistance, 
ence when the charge requisite to produce a given efiiect in a particular substance has been 
ascertained by experiment, that necessary to produce a like effect in a given mass of the same sub- 
stance may be readily determined. As the substances to be acted upon are various, and differ in 
tena<)ity in different localities, and as, moreover, the quality of powder varies greatly, it will be 
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neoeaaary, in undertaking blaatinff operationa, to make ezperimenta in order to detennine the 
conatant which ahonld be emploTea in calculating the diargea of powder. In practice, the line of 
leaat resiatanoe ia taken aa the anorteat diatanoe £rom the centre of the chaige to the anrfaoe of the 
rock, unleaa the eziatence of natural diviaiona ahowa it to lie in aome other direction ; and. generally, 
the charge reqoiaite to overcome the reaiatance will vary from -^io-^of the cube of tne line, the 
latter being taken in feet and the former in pounds. Thna, auppoae the material to be blaaied ia 
chalk, and the line of reaiatance 4 ft., the cube of 4 ia 64, and taking the prt^rtion for chalk aa 
-^j we have |^ = %fg lb. aa the charge neoeaaary to produce diaruption. 

If dynamite be uaed, and we aaaume it to be four timea aa atrong aa common black powder, of 
courae only one-fourth of thia quantity will be required. Alao if gnn-outton, or cotton powder, be 
uaed, and we aaaume ita atrength to he three timea that of black powder, one-third only will be 
needed. Again, if carefully prepared extra-atrong mining powder fired by a detonator be emplojred, 
we may aaaume it to be twice aa atrong aa common black powder fired by the ordinary meana, and 
con8eq|uently we ahall need only one-half the quantity indicated by the formula. 

It iH neither practicable nor desirable that auch calculationa and meaanrementa aa theee ahoald 
be made for every blaat ; their practical value Ilea in thia, namely, that if the prindplea involved 
in them be dearly underatood, the blaater ia enabled to proportion hia chargea by ai^ht to the 
reaiatance to be overcome, with a aufflcient degree of preciaion. A few experimenta in variooa 
kinda of rocka, followed by aome practice, will enable a man to acquire thia cower. 

Aa it ia a common and a convenient practice to make uae of the bore-hole as a meaaure of the 
quantity of exploaivea to be employed, Andr^ haa calculated the foUowing table;— 

Tablb in.~QnAimTT of ExFLoaiva filuno Bobb-holbb. 



Diameter 

of 
tbe Hole. 



In. 
1 

u 
1* 
If 

2 
2i 

2| 

2f 
8 



Blade Powder 
In 1 inch. 






1 
1 
2 
2 
3 
8 



01. 

•419 
•654 
-942 
•283 
•675 
•120 
•618 
•166 
•769 



Onn-ootton 
in linch. 






1 
1 
2 
2 
8 



OK. 

•419 
•654 
•942 
•288 
•675 
•120 
•618 
•166 



Dynamite, or 

Tonite, 

inlinch. 



8769 



OK. 

0-670 
1-046 
1-507 
2 053 
2-680 
8-892 
4-189 
5-066 
6-030 



The quantity of exploaive that a given piece of work will require ia, however, ao much a matter 
of local practicttkl experience that auch rulea can only aerve aa approximationa and aa general guidea. 
It ia the practice in many diatricta to employ chargea of exploaivea conaiatine of a bottoming of 
either dynamite or gun-cotton, and complete the charge with gunpowder, the effect being that 
the hole u fully bottomed, whilat the lifting action of the gunpowder is fully retained. 

The atoring of exploaivea ia a matter which in England haa to be done under lioenae from the 
government, which speciflea exactly the kind and the maximum quantity of exploaivea which may 
be kept in the magazine. Other refi;ulationa prevail elsewhere, but in any caae a proper magazine 
ahould be providea, and no two exploaivea kept in the aame box under any ciroumatance whatever, 
while particular care muat be alwaya exerciaed to aee that the detonatora for auch exploeivee aa 
require them be kspt entirely apart until wanted for uae. 
FANS. 

Fana are verv convenient maohinea for producing a blaat auch aa ia required for fiunaoea, 
ventilation, and the like. 

It ia deairable that the blaat for cupolaa ahould be adequate in quantity and preaaure for the 
perfect combuation of the fuel, but not greatly in exceaa of what ia needed for that purpoae ; 
it ahould be delivered aa free from moiature aa poaaible, and in a perfacUy uniform atream. 

The preaaure of blaat required variea according to the nature of the fuel employed ; it ia 
aeldom that a greater preaaure than from 2 to 3 in. of mercury ia neoeaaary, and with aoft coke a 
much lower preaaure will auffice. 

If only for the purpoae of aupplying perfectly dry air to the cupola, it would be advantageoua 
to heat the blaat on ita way from the blowing engine or fan ; but by atiU further ndaing the 
temperaturo of the blaat by paaain^ it through regenerative firebrick atovea, a considerable economy 
in fuel would be obtained a ton of iron melted, without any deterioration in ita quality tddngplaoBi 
Blaat heated in thia manner can be readily brought to a temperature of 1300^ F., or can eaaily be 
regulated to any lower temperature deaired. 

The blaat may be obtained by meana of either blowing enginee, fana, or blowers, any one of 
which anawera the purpoae aa to quality and quantity of air aupplied ; queationa of oost and 
convenience, affect principally the aelection of the power to be employed. 

Sometlmea manganeae or other reagenta are blown into the cupola, when the iron ia reouired 
for chill caatinga; it will be eaaier to aend theae into the cupola by meana of the blaat cylinder 
than by a fieui. 

The aupply of blaat muat be regulated aa to intenaity of preaaure and quantity. If a cutting 
blaat ia em^uoyed of too high a velocity, it will blow away a oonaiderable Quantity of amall unbumt 
fuel. If the blaat ia too aoft or feeble, much of the fuel will be burnt without doing ita duty ; and 
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if the preasare is allowed to fall below a oeitain amocmt, the funiaoe would eonanme an almost 
unlimited amount of ftiel, without at any part attaining the melting point of oast iron. 

The quantity of blast necessary for any given oupola depends upon so many varying and 
disturbing elements, that experience and judgment must be mainly relied upon to estimate it. 




General Morin made some experiments on the duties of fans, and in one instance with blast of 
low pressure driven through louff passages, he found that the useful effect of the fan was less tlum 
0*07 of the steam power required to drive it. 

The quality of the iron is much influenced by the quantity and intensity of the blast ; if these 
or either of them are deficient, an inferior pig iron may give off sulphurous fumes, run thick and 
pasty, and make bad or inferior eastings, while the same iron, with more &vouiable conditions as to 
Uaat, will probably lose much of its sulphur in the melting, and when tapped will turn out 
tolerably workable iron. 

Any description of apparatus which will give the requisite volume and pressure of blast with 
regularity, can be adopted without in any way affecting the quality of the iron ; but there are 
numerous other considerations to be studied as to the selection of the apparatus, such as first cost, 
economy in working, power required to drive, compared with duty in the shape of useful blast 
yielded, convenience for position, and safety. 

Fiffs. 1238 and 1239 represent the ordinary form of conunon fans. In general they consist of a 
central spindle, upon which are hung from four to six arms meeting on an eye at the centre, through 
which the axle is passed, and by which they are fixed to the axle. Upon each of tiicse arms a 

1238. 



1239. 





blade generally is fixed by rivets or bolts ; the assemblage of blades constitutes the propelling 
agents. To render them effectual they are encased in a round box, adapted to them, having a 
central opening each side, for the admission of air, and an opening in the cirounferenoe for the 
expulsion or air, with a short passage in continuation, to connect the air passages leading to the 
furnace. This case should be strong and heavy. By the rapid revolution of the blades upon this 
axle, a strong current sets in at the centre, and is propelled along the air passages to the cupola. 
The journals of the axles should be long, with the view of dispersing the great amount of friction to 
which they are subjected, by running in their bearing at such a hieh velocity as is usually com- 
municated to the axle. Unless these parts be very well fitted, and the framework of the arms and 
blades perfectly balanced and firmly fixed upon the axle, the greatest difficulty is experienced in 
preventing tiie firing of the rubbing parts. It is easy to see that if there be a very slight want of 
equilibrium in the machine, or, in other words, if the centre of gravity of the moving parts does not 
lie in the axis of revolution, there will be an amount of centrifugal force created during revolution 
proportional to the eccentricity, which must be borne by the axle. 

iJoyd's fan is shown in the vertical section. Fig. 1240, and plan, Fig. 1241. The outer case is 
cast in four parts, the two upper of which are bolted permanently together, and also the two lower. 
The horizontal joint through the centre admits of access to the internal parts without disturbing 
the foundations. 8 S are the bearings, and T the driving pulley. U is the internal revolving case, 
called the impeller, having sheet-iron discs V V fixed on the upper edges of the blades. X X are 
turned brass rings fixed on the discs, and fitted up against cast-iron rings bolted on the outer case, 
forming the oen&e opening through which the air enters the fan. T is the discharge pipe, and L L 
the feet on which the nuu&ne stands, and by which it is bolted down to the foundations. 

The difllBrence between this fan and those of ordinary construction, consists in the form of the 
internal part U, which may be described as a revolving case, having six curved arms cast in one 
piece ; on these are screwed curved sheet-iron bhules, of the form shown in Fig. 1240, on the outer 
edge of which are fastened the sheet-iron discs Y V, previously mentioned. The total area of the 
openings at the drcumferenoe, as also the total sectional area of the internal passages at any 
distance frcon the centre, is equal to the areas of the two central openings in the sides of the outer 



C. Schiele's fan has been very largely employed, and possesses a good many admirable features. 
It is simple in construction, requires very little to drive it, gives a good volume of draught 
relatively to its size, and is nearly noiseless in working. Referring to Figs. 1242 and 1243, it will 
be seen that Fig. 1243 is an edge view partly in section, and Fig. 1242 is a side view with one side 
of the casing removed to show the interior, with the revolving portion of the fian in its position. 
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■priDK fiom the periphery of Qie diao A. Tbia disc, with the bUdes uid their sapporting bncketa, 
may be constraoted even of tho ki^est dimeiiEloiiB in one solid piece, either by c&stiog or forging, 
B IB the spindle on which the dlu A is mountad; it nine in the bearings C, tlie spindle bemg <tf 




wioDght iron, with caat-iron bushes ; these bearings C ore cast with and form part of the easing D, 
and on the lop of eeoh of them is an oil cap X, to hold oil to Inbrioate the spicdle. The ladiua of 
diao A is la^si than that of the central opeuings E, ia the casings D, for the admission of air. 




The casing D is formed of two halves similarly shaped, but eo as to form ri^ht and left sides; each 
of theae halves is of a curvilinear shape, carving towards the inside, and in the centre having the 
entraoco openings E. The blades F nre oonstructed of such a fonn, and ia snch proportion to the 
casing, that they gradually widen from the periphery of the disc to a point beyond the c«ntnd 
^leninga in the casing. From this point they decrease in width, the casing narrows, and follows the 
contour of the casing ; the tipe of blades F terminating a short distance from the n&rrowest portion 
of the casing. Beyond the tips of the blades the casing slighlly contracts for a short distuicc, so 
that tlie BIT of a slower sp«ed, and which has gone beyond llie blades P, ia prevented from return- 
ing, aod so impinging npon U — 
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Fig, 1244 is a cross section of Sturtevant's fan. Twelve vanee are rigid!; supported by a 
similar number of spokes, radiating ttofo an "siis, and having conical annular diica monnted on 
the same axis, the fon being driven by two belts to prevent tendency to wobbling. The ati enteia 



whence it maj be dnwa bv a rtiiioet. Tbe shaft 8 U Bopported in tubular faeerutga, SQtttuned io 

bracheta by meoni of bell joints, whereby tbs 

beariDgs are able to aooommoilate tlieDuelves to ''<*- 

tbe abaft while in reTolutioD. Tlie oilers for the 

ihaR are near the end, and have dripping wicks 

which feed the lubricant iu regular quantity ; the 

oil oollectors U intenKpting any superfluity, as 

already stated. Tbe set screws n n afford means 

for adjusting the shaft lengthwise, so as lo bring 

the wheel to its proper position in the case. 

8tnrt«VBnl's fan combines many of the feetures of 

both Lloyd's and fioliiele's machlDes, its aharao- 

teriatio feature being tbe very Igng bearings giTen 

to the shaft ; and although somewhat oomplioated 

in oonstmction, it has b««n greatly used tLiid 

dewrredly popalar in (he United Statae. 

PigB. 1245, 1246 are half sectional plan, BDd 
balf pun nspeotivety of H. Aland's fan. It is of 
Yery strong and substantial conntroction, and differs 
bnm Lloyd's fan only in the arrangement of the 
intake, as will be evident bj cdrnparing Figs. 1241 
and 1245 : the vanoa are so arranged that they 
act in effect aa a double tua. 

The spindlee are made of stael, and work in 
long bearings- The discs also are made of the 
best charcoal iron. The tremor of the strap ails 

is confined to one casting, by the bearing standards b^g oast in one of the lower parts of the &n 
casing. The casing is also divided horizontally, to facilitate the operation of cleaning without 
disturbing the fonodatioDS. 

In fan machinery, simple as it is, in some instatuxu monthly and even weekly repairs are 
incorted, in consequenoe of the want of exact balance among the ports of the fan upon its axle. 
' ' " " ' ■ ■■ .u:_ J (jf aimoyanoe may be entirely 



With careful n 



nnent io the first construction, this 




removed. Anfther great ^ult coneista of injudicions methods of bringing Tip the speed with too 
great rapidity, with a view to which it was certainly necesrary to make nse of as few intermediate 
shafts as pnesible. which of coocae requires tbat large pulleys shall drive proportionally smaller 
pnlleys, than if the rate of the reduction of speed were more moderate. On the other band, the 
eipenence of many enfrfneers proves that by mnderatcly attaining the speed, by Ihe nse of a 
gtnter number of intermediate belt pulleys, repairs of any importance are not incurred for months 
and e*eD yevs. Tbe great evil of too rapidly nusing the speed is tlie aptitude of tbe belt to 



614 FANS. 

■lip upon the drums ; for when slippine occurs, especially among Uie slower parts of the motioii, 
the belt is subjected to sudden and violent strains, caused by its nneqnal hold upon the rim of the 
drum. The usnal remedy for this state of things is to apply resin and pitch to the acting sniiace 
of the belt to g^ve it a hold. But the best plan is to employ spur gear in the slower psita of the 
motion, and brraid belts and pulleys of conTeniently laige aiameters for the rest 

Properly constructed fans will work for many years without an^ peroeptible wear, bat in 
working they frequently make an unpleasant noise, especially when driven at nl^ spoeds. 

The position of the fan in its case is preferably eocentria The continually increaaiag winding 
passage, between the tips of the vanes and the chest, serves to receive the air from every point of 
the circumference of the fan, and produces a general accumulating stream of air to the exit pipeu 
The particles of air having passed the inlet opening, and entering on the heel of the vane, would 
retain the same circular path, were it not for the centrifugal force of the air, due to its weight and 
velocity, impelling them forward toward the tips of the vanes, and this continued action is going 
on, particle following particle, till they are ultimately thrown against the fitn chest, and are impcdka 
forward to the exit pipe. It is by this centrifugal action that the air becomes impelled and 
accumulated into one general stream. But there is a certain velocity of the tips of the vanes which 
best suits this action. 

The pressure of the air in the pipe and chest, by the continuous rapid motion of the vanes, may 
be measured by a water or mercurial gauge attached to the blast chest. 

It has been found that the greatest results are obtained, when the theoretical velocity and the 
Telocity of the tips of the vanes are nearly equaL 

Water is 827 times heavier than air, and mercury is 13 '5 times heavier than water, or 11,164 
times heavier than air ; so that a column of mercury 1 in. in height would balance a column of air 
11,164 in. or 930* 3 ft. in height A column of mercury of 30 in. is equal to a pressure of 15 lb. 
on a sq. in. ; a column of mercury of 1 in. gives a pressure of | lb. a sq. in. A oolunm of mercury ^ of 
an in. in height gives a pressure of 1 oz. a sq. in. Hence the height in inches of a column of 
mercuiT, equivalent to any given pressure or density, is found by dividing the density in ounces a 
sq. in. by 8. 

The centrifugal force of air coincides with the results of the laws of falling bodies ; that is, when 
the velocitv is the same as the velocity which a body will acquire in falling the height of a homo- 
geneous column of air, equivalent to any given density. Thus, taking the velocity, as obtained by 
the law of fiedling bodies, we find the centrifugal force or density of the air. 

The velocitv of the air and the diameter of the fan being p;iven, the rule to find the centrifugal 
force is ;— divide the velocity in feet a second by 4 * 01, «nd agam divide the square of the quotientoy 
the diameter of the fan in feet. This last quotient multiplied by 1 *209, the weight in ounces of a 
cub. ft of air at 60° F., is equal to the centrifugal force in ounces a sq. ft, which, divided by 144 
is equal to the density of the air in ounces a sq. in. 

To ascertain the theoretical velocity, the mouth of the discharge is closed, the velocity of the fan, 
merely keeping the air at a certain pressure a sq. in., when it is found that the tips of the vanes 
must move wim nine-tenths of the velocity a body would acquire, in fidling the height of a homo- 
geneous column of air equivalent to the density. It is found that nine-tenths of the theoretical 
vdocity is the most elTectual speed, when the fan is not discharging air, but that the same propor- 
tion holds good also when the outlet pipe is open ; that is, that the maximum effect of the fan is, 
when the vanes move with a velocitv rangring ^m the theoretical velocilnr due to tiie density of the 
air, to nine-tenths of that velocity, the greatest quantity of air being discharged by the fim with the 
least expenditure of power. By making the top of the opening lev3 with the tips of the vanes, the 
column of air has only a slight reaction on tl)e vanes. 

The degree of eccentricity of the fitn in the casing that has been found to work well, is one-tenth 
of the diameter of the fan ; that is, the space between the fan and the casing should increase from 
three-eighths of an inch at the top of the outlet to the delivery pipe, to one-tenth oi the diameter of 
the fiin at the point perpendicularly under the centre. 

The main pipe from the casing may be not less than one and a quarter times the area of the 
delivery pipe, when under 100 ft in length ; for greater lengths it should be one and a half times the 
area of the delivery pipe. 

From experiments made to establish the beet proportions of inlet openings in the sides of the fan 
chest, and the suitable corresponding length of vanes, it was found that by impeding tiie free admis- 
sion of air to the vanes a loss of power was occasioned. It was also found that the longer vane has a 
preponderating advantage over tne shorter vane, in condensing air to the greatest density with the 
least proportion of power. 

It will, therefore, be seen that the three most essential points in the economy of the fiin, namely, 
the quantity and density of the air, and the expenditure of power, depend on the proportion of the 
length and width of the vanes, and the diameter of the inlet openings. 

The width of the vanes, and their length, should be one-fourth of the diameter of the fan, and 
the diameter of the inlet opening in the sides of the fan casing should be one-half of the £(in. 
Table II. gives the approximate dimensions of fiins for obtaining the best results, varying firom 
3 to 6 ft m diameter. The first six are the proportions for densities ranging from 3 to 6 os. a 
sq. in., the second tax are for higher densities. 

Another variety of machines for blowing is that known as a pressure blower, which produces 
a blast having a pobitive force, and disting^shed from a fan which does not produce a force 
blast In this respect, a blower is analogous to cylinders used for producing blhst In either 
case, the air forced must find an outiet, or the machine stops. But a tux can run with the ouUet 
obstructed or entirely closed, without being in the least impeded. In a pressure blower, in which 
the air is forced forward by a revolving vane or piston, the whole of the power applied, except the 
amount absorbed by the friction of the moving parts of the machine, is utilized in jnoducinr pres- 
sure ; and ^ould the outiet from the blower be throttied, the pressure of the blast will continue to 
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rije, until the limit of the dxiving power is mohed, when the machine miut itop. With a fon* 
however, the caae is different ; it most he nin at a very high veloeitT to impart a snfflcient momentum 
to air, a sataetmce poesessinff onlv a very alight speoiflo gravity ; thns there is very oorndderahle loss 
of power from the friction of the Desrings, the jourllala of whioh run at such extreme speed, as well 
as oom the power absorbed in oontinnally changing the direction of the belts, which take short turns 
nrand very small pulleyst and but a pOTtion of the air thus acted upon is really forced forward. 
Should the outlet horn tiie fan be partially throttled, there will be out a very slight increase of 
preasure in the blast, while the fan continues to run at the same speed ; and if the outlet be 
entirely doeed, the fiun will still continue running, absorbing much power, but producing no prao- 
tiealeffiBot 

Table IL— DnmaiOKS of GoiofOH Fans. 



DlAmeter oTFan. 


Width of VaiM. 


Lo^OrVAIMl 


ft in. 


ft. in. 


ft In. 


8 


9 


9 


8 6 


10} 


10) 


4 


1 


1 


4 6 


1 1* 


1 U 


5 


1 3 


1 8 


6 


1 6 


1 6 


3 


7 


1 


3 6 


8) 
9| 


1 1| , 


4 


1 ^ 


4 6 


10} 


1 4 


5 


1 


1 6 


6 


1 2 


1 10 



Diameter of Inkt 
Opening. 



ft. in. 



1 
1 
2 
2 
2 
3 
1 
1 
1 
1 
2 
2 



6 
9 

3 

6 


8 

6 
9 


4 



The best known blower at present is Boots', an American invention, but lai^ely used in 
Kngland, and made here by Thwaites and Oarbutt, of Bradford. 

Boots' Blower, as arranged for foundrv work, is shown in Figs 1248, 1249. It has rotary 
pistons covered with wood lags, by whicn construction the pistons can be made lighter than 
cast-iron pistons, and thus take less power, run more quietly, and at twice the speed of the iron 
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pistons. The thickness of a sheet of paper is the only clearance that is allowed, and, in order 
still further to reduce the clearance, a Mctional composition is evenly applied with a brush, over 
the surfinoe of the hollows of the rotary pistons, until every portion of the pistons is shown to be 
in contact 

• The composition is of the consistency of ordinary paint, and also answers the purpose of 
preserving the wood. The wood used is the finest selectod deal, free from knots, tiioroughly sea- 
soned and dried for three years. The lags are held upon malleable cast crossheads with bolto, which, 
for security, have the bolt ends riveted over the nuts. At the joints of the wood lags is inserted an 
inm tongue, which runs the whole length of the joints. The end plates are planed, and are pro- 
vided with bosses, which are bored and fitted with hard p^-metfd bushes, forming the bearmgs 
for the steel shafts. These gun-metal bearings are long, with considerable area of wearing surface, 
and can be easily replaced mhen worn out The side plates of the casing are half cylinders, cast 
separately, planed on the flanges, bolted to form a circle, and then bored out as true as a steam- 
engine cylinder ; the side plates and end plates are connected together with fixed bolts. The outlet 
branch is fixed in most cases at the bottom, and a perforated box cover is fixed at the top to admit 
the air, and to prevent anything else from entering the machine. At each end, outside the casing 
of the blower, is fixed a pair of accurately pitched spur wheels for gearing the two pistons together, 
which are covered in with iron boxes. Upon the iron box is fixed a cover plate, provided with 
gun-metal bushed bearings for the shafts, and outside of these covers are fixed the driving pulleys 
on one end of one shaft, and on the opposite end of the other shaft, a crossed and open belt from a 
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oouuter-shaft being used for driving ; and ontside the driving pnlleys are fixed additional bearings 
to take the pnll off the driving belts. All portions of these are made in duplicate, and the wood 
covered rotary pistons are correctly shaped to templates by a wood-planing maehiQe. The original 
method of hand-shaping Uie revolver, which was at once tried, could not be depended' upon to 
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produce the rotary pistons ouickly and with suflSoient accuracy. It appears that iron pistons, which 
frequently replace the wooaen pistons in these blowerSi are deddediy to be preferred if the blower 
is to be plaoed in a situation at all liable to dampness. 

Table III. furnishes some interesting particulars as to the dimensions, work, dimensions of 
discharge pipes, and other details respecting Boots' blowers ; — 

Table III. — Particularb op Roots' Rotabt Blowers. 





Melting Iron. 


Approxi- 
mate 
Horse- 
power. 


Volumes of 
Blast, in 

Cubic Feet, 
delivered 
a Minute. 


General Dimensions. 




No. of 
Blower. 


No. of 
Revo- 
lutions 

a 
Minute. 


Ton» 

of 
Metal 

an 
Hour. 

1* 

12 ' 

16 1 


Adapted 

to Cupola 

Inside 

Lining. 


T)ia* 
meter 

of 
Pulleys. 


Breadth 

of 
Pulleys. 


Dla- 
meter of 
Delivery 
Orifice. 


External Dimensions. 


Approxi- 
mate 




Length. 


Breadth. 


Height 


Weif^ta. 


No. 2a 
.. 2 
.. 3 

., * 
» 5 
» 6 


330 
400 
350 
325 
320 
310 


in. 
24 to 30 
24 „ 30 
30 „ 36 
36 „ 48 
48 „ 60 

• • 


2 
2 

4 

6 

8 

11 


1650 
2000 
3000 
4550 
6400 
8680 


In. 
14 
12 
14 
16 
18 
20 


in. 

5 

4 

5 

6 

7 

9 


in. 
8 
8 
10 
12 
14 
18 


ft. In. 

3 10 

4 8 

5 8 

6 8 

7 10 

8 


ft in. 
3 
3 

3 

4 

4 

5 


ft in. 
2 6 
2 6 

2 8 

3 4 

3 6 

4 


cwt 

12 
18 
23 
30 



It would appear that this machine, when fitted with wood pistons, is rather liable to be affected 
by yariatioils in temperature, a matter which must be attended to in fixing the machine. 

A blower of very ingenious construction is that iuTcnted by John G. 13&er, of Philadelphia, and 
shown in section, Fig. 1 247. It is already largely employed both in England and America, and promises 
to become a standard machine for foundry use. It consists, as will be seen from the figure, of three 
drums, the upper drum being furnished with two blades or vanes, passing alternately through wide 
openings made to receive them in the two lower drums. This bl9wer is made entirely of iron, the 
cylindrical portion or case bored out and faced on the ends, the heads of the machine, or ends upon 
which the bejirings are bolted, being also faced off true. The case is secured at the ends by bc^ta, 
and when in exact position the ends are dowelled, so that when the case is removed it can be 
returned to position without delay. The base is a solid casting faced on its upper side, and bolted 
firmly to tlie ends of the machine ; the drums are each cast in one piece, turned truly, and balanced 
to ensure closeness, and at tlie same time to render them steady when running ; the slots in the two 
lower drums extend throughout their entire length, and are made considerably wider than is 
needed for the passage of the wings, in order to ensure freedom in action, and prevent any danger 
of the wings striking against them when entering or leaving ; the wings of the central drum are 
faced off and bolted on firmly ; they are oast in the requisite form to ensure the greatest strength 
in proportion to their weight. As with other machines of this class, the beflrings in general sre 
made large, to secure extended bearing surface, and give the journals such a degree of strength as 
to prevent them springing, and to overcome rapid wear. To find the amount of power to be used 
with one of these machines, the following formula will be found useful, the quotient will be the 
actual horse-power, less the friction of the blower ; — 

Q = cubic feet of air delivered a minute. 
P = pressure in ounces a square inch at blower. 
II.P. = indicated horse-power required. 

„ _, 2 P X 'OOa 
H. P. = j^ 
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Table lY. following relates to Bakez's blowers, the sizes being those made by the SaTille Street 
Foundry Company, ShefSeld — 

Tabus IV. — Fartioulabs of Baker's Blowers. 



No. of 
Blower. 



CubtcFeet 

Displaced 

a Uevolation, 



6 

n 

9 



13 

>» 
17 

»> 
25 

» 
SO 

»» 
60 

n 



3 

M 

6 

>f 
9 

t» 
13 

>f 
17 

25 

w 

30 

»» 
60 



No. of 

HevolutioDfl 

a Minute. 



Slieof Capola. 



Iron 

Melted 

an Hoar. 



Diameter 

of 
Blast-pipe. 



110 
180 
105 
150 
100 
130 

95 
120 

85 
115 

75 
110 

70 
105 

60 
100 



In. 
18 to 22 

22 to 27 

27to30 

30 to 34 

34 to 40 

40 to 48 

48 to 52 

52 to 84 



tons 

il 

2 

5 

8 

8 

10 

10 

20 



In. 
6* 



8 



8* 

It 



14 

15 

»» 
24 

>» 



Blowers must be set on good solid stone foandations, to which they should be held by proper 
bolts, and care should be taken to set them level lengthwise. Too much stress cannot be laid upon 
the necessity for providing iron piping for the air-conducting pipes, and seeing that these, with the 
shut-off valves and connections, are perfectly tight. An escape valve may be fixed with advantage 
upon the air-pipes, to relieve the blower from too great an increase of pressure of air, caused by the 
closing of the shut-off valves while the machine is in operation. 

It IS to be regpretted that no more definite and independent information is to be obtained, with 
regard to the superiority and relative advantages of the various priessure blowers in use, and of the 
comparative results obtained by such machines as applied to the foundry cupola, than that issued 
by their respective manufacturers. The subject has not yet received the attention it deserves at the 
hands of the ironfounder in England, nor have the results been so carefully worked out as in the 
United States of America, wliere the conditions of working are somewhat different ; and it must 
be inferred from their tardy adoption, that the advantages offered have not been clearly understood 
or appreciated by the users here, many of whom have a strong preference for the fan. 

There are, however, certain well-known advantages in their use as against the fan, which are 
more than sufficient to cover the increased cost of their adoption, and these will now be considered. 
The firat great difference lies in the fact that the pressure blower is a positive or force blast, 
measuring accurately tlie amount of air delivered a revolution ; the fan is not, nor can it be made to 
do so, wlmtever ito construction. How far this is beneficial will appear farther on. The fan is able 
to produce a pressure from the fact that air possesses a light specific gravity, and by setting in 
motion arms or beaters at a high speed, sufficient centrifuge force is produced to repel the particles 
of air outwards or towards the delivery by beating it. By rapidly increasing this centrifugid action, 
its density and consequent pressure may be effected up to a oeriain point. 

In the blower, however, the quantity of air forced forward at each revolution is practically the 
same, whether making 100 or 200 revolutions a minute, and does not in any degree depend upon 
centrifugal action, or upon the specific gravity of the air to give a definite displacement; and this 
commends the blower, as a source of economy m promoting the combustion of the fuel in the furnace, 
and in the power necessary to drive it, as the difference in speed alone in the two machines varies 
from 100 to 5000 revolutions a minute. 

In order, Uierefore, to maintain a pressure such as is ordinarily required for smelting iron, the 
fan must sometimes run at a speed dangerously near the bursting strain of the materials of which 
it is composed, whilst there is a limit to the pressure which can he attained by this centrifugal force, 
and when that limit is reached no more air will be forced forward, however the speed may be 
increased, thus absorbing power uselessly. This fact admitted, it follows that the effectiveness of a 
fan to deliver a given quantity of air, is proportionately impaired by the degrees of resistance wliich 
are brought into operation during the melting process ; and this argues that there is a constant 
uncertainty as to the amount of air entering tne cupola, whilst it is equally clear that under such 
conditions the same, nay more, air is require! in the interior of the furnace to produce an economical 
yield of iron a lb. of fuel burnt. As the melting proceeds the tuyeres become foul from the accu- 
mulation of slag and cinders in the interior, to sucn an extent that tlie melting ceases, and the iron 
is rapidly decarbonized, loses its fluidity, and is quickly chilled, so that the castings are bad from 
being run short, too hard or unworkable with the tools which follow, producing much waste. 

We have testimony from many ironfounders on this important point ; in many instances inferior 
brands of iron are used with the blower blast, for precisely the same class of work as formerly 
required tlie most expensive pigs when the fan was used, and with bettor results. 

We cannot reduce iron without fuel, but there is a necessary (quantity, and the proportion of air 
is as definitely fixed for ito complete combustion ; any excess oi either is simply so much extra cost 
put upon the cost of the castings produced. 

We know also that there is a certain degree of heat necessary to melt the largest amount of iron 
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in a given time, with the least amount of ftiel, but it is possible to oonsome any quantity of ooka 
witboat melting a single pound of iron, if the temperature is not sulSdently eloTated by a iudioions 
admission of the necessary oxygen, to combine with the carbon of the fuel ; so that a machine deli- 
vering a fixed quantity of air in a g^ven time, is as neoessaiy as the knowledge of how much coke is 
re(|uirod a ton of iron put into the cupola. But as combustion can only proceed at a certain rate, 
it IS equally important that too much air is not forced therein, otherwise the temperature of the 
furnace g^ses is lowered. 

When the proper amount of air is supplied the combustion is perfect, and the highest rate of 
melting is attained ; but then we must remember that as the carbon seizes upon the oxygen of the 
air ana converts it into carbonic acid on its entrance at the tuyeres, so this compound is rapidly 
reconverted into carbonic oxide as it ascends through the charge, from the liberation of tbe hydro- 
carbonic and other gaseous elements of the fuel ; and that, in oider to secure the highest tempera* 
turo and efiBcienoy, we must be enabled to inject continuously a given quantity of this oxygen to 
prevent the formation of carbonic oxide, and this can only be done by some machine which delivers 
positively, under all conditions of the fiimace, a fixed quantity. 

We have said enough to prove the importance of fixed quantities of fuel, air, and iron in the 
economical production of castings ; but lable Y. illustrates foroibly what actually takes place in 
the cupola, uiowinff the operatiou of the blast in actual work, using a Baker's blower, and comparing 
the pressure with mose of a fan. Blast given with a Ko. 17 Baker blower, running 93 revolutions 
a mmnte, blast pipes cast iron, and perfectly air-tight 

When the blast is first put on, the pressure will be somewhat near 10 ox., slightly 
diminishing the first fifteen mwutes, until the iron commences to melt, then, rapidly increasing 
in pressure until the highest limit is obtained, which is in about an hour and a quarter after the 
blsAt is put on. The fuel used was the best anthracite lump ooaJ, and the iron was two-thirds pig 
and one-third sprues, small gates, fine scrap, and the like, at last of the heat 

The average amount of power, number of lb. of iron melted to each lb. of coal used, and iron 
melted to ^e lb. of coal, are given in Table V. 

Tabia v.— Wobx donb bt 37-nroH Cupola akd Baxxb's Bloweb. 



Baferenoe Letter 
toTrUlA. 


Time in 
Mlnatea. 


Average 
Hone-power 
daring Heel. 


No.oflbe. 

Iran 

Melted. 


Lb.ofOoil 
need. 


IronMeltad 
an Hoar. 


Inm Melted 
a Minate. 


Melted a 
Ib.OoelnBed. 


A 

B 



D 

E 


92 

99 
100 
101 
101 


7-45 
7-40 
7-55 
7-60 
7-50 


12,000 
12,000 
12.100 
12,550 
13,873 


1,500 
1,450 
1.550 
1,550 
1,650 


9,729 
8,780 
9,075 
9,181 
8,950 


162 
146 
152 
153 
140 


8,000 
8,275 
7,800 
8,032 
8,403 


Average .. 


101 


7-50 


12,504 


1,540 


9,143 


152 


8.102 



A careful study of the experiment reveals several important facts to which we would call 
attention. 

Ist. The ever-varying conditions of the furnace as regards the pressure of blast to produce the 
results. 

That, under ordinary drcumstancee, such a resistaace to the passage of the air through the 
charge in the furnace is imposed, as to cause a considerable increase in the pressure of the blast, and 
that if the machine is not capable of answering such conditions, there must be a corresponding 
loss, both in fuel and the quality and quantity of castings turned out in a given time. 

Seeing that the highest pressure required is from 20 to 24 os. a sq. in., it is impolitic to 
employ a fim whose highest duty is 16 oz. ; not that pressure is absolutely necessary for smelting 
in the cupola, but that in order to introduce the necessary amount of oxygen to the pound of f^I, 
the internal resistances reach such a point, as to cause a correepondmg increase in the density of 
the air. 

As a mere question of mechanical arrangement, simplicity and economy of power, there is a 
decided advantage in the running at a low speed with a positive displacement a revolution, and we 
also know exactly what air is being delivered with a blower. 

See Goal Mikino, Vkmtilation. 

FOUNDING. 

The art of casting metals, or founding, is of essential aid to the mechanical engineer, as he has 
to employ it largely in his constructions. It includes furnace practice, pattern making, moulding, 
casting, mixing of metals and their alloys, with other minor mattera. 

Beverbemtorjr, air crucible, and cupola furnaces are those principally used in founding. 

Tbe chief object of a cupola furnace is the melting of cast iron; any reducing action being 
of secondary consideration, as only a single chemical operation is intended to take place in 
the cupola, the partial conversion of the silicon contained in the pig iron into silica. As a 
certain percentage of silicon is desirable in cast iron, which, of all the admixtures of pig iron, is 
the most liable to oxidation, when the fluid or semi-fluid iron is exposed to a jet of atmospheric 
air, it is necessary to select a description of pig iron containing a surplus of silicon, which is 
reduced to the right proportion by the oxidizing agency of the blast No other change in the 
composition of pig iron, especiallv no reduction, is intended, and this constitutes a fundamental 
difference between the cupola and the blast furnace. 
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The bkit fiunaoe is used for the purpose of eliminating oxygen, or, aa this is mainly achieved 
by carbonic oxide, of generating this desoription of gas, and of exposing the ores to its 
deoxidizing agency. 

That portion of the blast, which as a matter of necessity is converted into carbonic acid 
immediately after entering the f nmace, has to be reduced to carbonic oxide as quickly as possible, 
for the purpose of preventing the ores fiom melting at too early a stage. The fusion of the ores 
takes place after the reduction has been effected, and is confined to as small a zone of the furnace, 
and to as sh<fft a time, as possible. 

The cupola, on the contrary, is solely adapted for melting in the best possihle manner, by 
Iterating the larsest possible number of caloric units, or by converting the whole of the fuel used 
into carlxmic acid by means of the blast. 

If a blast is forced into a furnace at a comparatively high pressure, the surface of the jet exposed 
to the foel will be comparatively small ; the combustion will be incomplete, and carbonic oxide 
will be the result. If tne same quantity of air is introduced into the fomaoe within ^e same time, 
under comparatively low pressure, the air will expand in the interstices between the fuel as soon as 
it enters the furnace : the points of contact between the oxygen and the carbon will be multiplied, 
and a complete combustion, resulting in the production of carbonic acid, will be the result 

The degree of combustion, or the quantity of caloric obtained by it, depends upon tiie propor- 
tion of the sur&ce exposed by the blast and the fuel to each other. This offers an explanation 
of the fact, that a dense fuel has proved to be advantageous in the cupola, where the generation of 
caloric is the principle object aimed at Oharcoal will never give as good results as coke, because 
the surface offered by it to the blast is &r too large, and could only be made proportionate by a 
partial evacuation of the interior of the cupola. 

A partial reduction of the carbonic acid, produced by the blast of a cupola, to carbonic oxide 
cannot be prevented. The additional quantity of carbon effecting this, and tne necessary caloric for 
converting this carbon into a gaseous state, constitute a loss, wMch, however, is diminished by the 
use of a dense fuel, and by the circumstance that the pig iron, whilst melting, absorbs a considerable 
quantity of heat, from a portion of the carbonic acid generated by the blast, whereby the tempera- 
ture of this portion is lowered, to such a degree iSai its reduction to carbonic oxide becomes 
impossible. 

The first of these losses may be considerably reduced by a proper height of the cupola, from 8 to 
10 ft above the tuyeres being sufficient to reduce the temperature of the waste gases to an average 
of UQP P. 

The quantity of heat lost by conduction cannot be lessened by an extra thickness of the lining, 
as was formerly believed, but may be very materiallv reduced by melting the pig iron down quickly. 
The ratio of the number of heat units produced by the generation of caroonic acid to that by 
carbonic oxide, is as 8 to 5 for equal quantities of atmospheric air, and as 8 to 1 for eoual quantities 
of carbon ; the quantity of pig iron melted will, as a matter of course, increase, and the loss of heat 
for each unit of weight of pig iron, occasioned by conduction, will decrease in the same ratio. 

All modem constructions of cupolas which nave been attended with more or less success, have 
been based upon these two conditions ; the greatest distribution of the blast, for the purpose of 
bringing down the pressure, and enlarging the surface of contact between the blast and the fuel, 
and plenty of it, in order to increase the quantity of pig iron that is to be melted down witlun a 
eertain time. 

If these systems are carefully carried out, the results will be almost identical, the ratio of the 
wei^t of pig iron to that of coke, by which it is melted, being a maximum of 100 to 6. 

The following data have been proved by practical experience ; — The pressure of the blast should 
only be due to the obstruction offered by the coke and iron in the cupola, and never to a diminished 
section of the tuyeres; it ought not to be much less than 8 in. of water column, 0*2^ lb. on the 
sq. in., and not more than double that The aggregate sectional area of the tuyeres should not be 
less than ^ of that of the sbaft ; it is freouently as ^ and even more. The sectional area of the 
narrowest portion of a cupola shaft shoula be about 150 to 190 sq. iiL, for each ton of pig iron 
to be melted an hour. The quantity of blast a'second, reouired to melt a ton of pig iron in an hour, 
is from 41 to 49 cub. ft. a sq. ft. of the sectional area of the shaft. 

The difference of opinion formerly existing as to the thickness of the lining, has been settied by 
experience in favour of thin linings ; generally speaking, a thickness of 7 in. is sufficient for a 
cupola working three to four hours a day ; in case of a longer working time,^ the thickness should be 
increased to e^ut 10 in., and for cupolas working all the day long it is taken 11 to 12 in. 
thick. Thi<^ linings absorb more heat, which is wasted every time the cupola is blown out; 
besides, they are not cooled by the atmosphere as effectively as thm ones. 

The cupola has the great advantage of melting iron cheaper than any other furnace, and of 
being a very convenient apparatus, as nt>m ^ a cwt to 5 or 6 tons may be melted in a short time, 
with a comparatively small quantity of fuel, in furnaces differing only slightlv in size and form. 

The cupola, being only intermittentiy at work, does not afford the same facilities for utilizing the 
waste heat passing off from the top as does the blast furnace. The same reason also militates against 
economy of fuel, as the cupola has to be lit up very frequently, an operation which consumes a 
large proportion of the fuel used. Tet a well-constructed ana properly managed cupola is a 
tolerably efficient apparatus, and does not offer a margin for any verv material decrease in the con- 
sumption of fuel, which, with fair materials and management, may be taken to average 2| cwt of 
good coke to the ton of liquid iron, although the work has been done with a much smaller con- 
sumption. 

In modem practice the cupola is built of a cylindrical fonn, the casing being either of wrought- 
iron plates or of cast iron. When the casing is of cast iron it is advisible to strengthen it with 
wrou£^t-iron hoops, especially in the case of a large cupola. Cast-iron casing is most durable, and 
can be made with projecting flanges to bolt the segments together, and upon which the wrought- 
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iron hoops sboald be shrank whilst hot The economy of coke Is principally determioed by hATin^ 
the cupola of the correct height proportionate to its diameter. 

When the maximum diameter does not exceed 4 ft., the height may range from five to aiz timet 
the diameter. With cupolas having a larger diameter than 4 ft., the height should not exceed four 
to five diameters, up to the feeding aperture. 

The objection to a very great height of cupola, is the increased time and labour inyolTed 
in raising the materials for charging, and wherever the height is considerable, efficient mechanical 
arrangements are, of course, required for this purpose. 

The diameter of cupola is bIso subject to much variation, ranging from 18 in. up to 4 ft or eren 
larger. A cupola 18 in. wide, with one tuyere, will make good hot metal if worked with chazooa], 
but to work satisiiEu^torily with coke requires a cupola at least 2 ft. diameter with two tuyeres ; and 
with anthracite a cupola, to produce the same result, should be 2 ft. 6 in. diameter. A well-built 
chimney should be connected to the cupola, although for moderate-sized works a sheet-iron ohimney 
is generally found to answer. 

The prevailing interior horizontal section of the majority of cupolas is, at the present time, 
circular, however varied in other respects they may be. 

A cupola of this description has been known to melt from 10 to 20 tons of iron a day with baft 
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120 lb. of coke to the ton of metal melted, which 
oonsLBted of various mixtures of Cleveland 
hematite and Scotch pig. The diameter was 
8 ft. 6 in. ; height from tapping hole to charging 
floor, 14 ft. It was supplied with blast from a 
blower, at a pressure of *25 lb. to the sq. in., 
and melted at the rate of about 5} tons an 
hour. 

The construction of Krigar*s cupola is shown 
at p. 2865 of this Dictionary. It has not come 
much into use in England, and recent German 
examples are considerably modified, being cir- 
cular in section, and having a chamber arranged 
where the bresbst is placed, this chamber being 
at a lower level, and practically acting as a col- 
lecting ladle, the metal being run from it 
through a taphole in the ordinary way. 

The Mackenzie cupola. Figs. 1250, 1251, is 
largely used in the United States. It is gene- 
rally elliptical in plan, Fig. 1251, and the blast, 
instead of being supplied through tuyeres, is 
admitted through an opening which extends 
completely round the bottom part of the cupola. 
The blast is led into a chamber surrounding 
the boshes of the cupola, and from thence it 
escapes through the annular opening into the 
furnace. The cupola is fitted wl&i a drop 

bottom, seen in detail, Figs. 1252, 1253, which arrangement is aknost universally adopted in the 

States. 

American cupolas as a rule are large in diameter, which is an essential feature when anthracite, 

the fuel most common in America, is used. An arrangement often adopted is to have the sides 

parallel, but with a convex shaped belt, of the same material as the lining, arranged just above the 
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tayeiee, ihiB belt effectiiig the same object, although imperfectly, aa the boahes in such fonna aa 
those of Ireland or Voisin. 

Ireland's cupola is built with boahes, and haa a cavity of enlarged diameter below them, so aa to 
give increased capacity for the liquid iron. One arrangement of it has two ranges of tuyeres, 
ordinary ones at the bottom, and smaller but more numerous tuyeres above the boahes. 

Ireland's directions for the management of one of the cupolas were as follows ; — 

** The small cupola must be fill^ with coke about half-way into the boshing, and then put on 
about three handfuls of limestone. Then put on the pig metal across the centre of the furnace, with 
the ends of the pigs towards the tuyerea, piling up the sides with scrap, and cover the whole with 
coke. If the weight of metal be 20 cwt. put on 10 cwt. at a charge, proportioned, 7 cwt. of pig iron 
and 3 cwt of scrap, and oover well with four riddles of coke. If the weight of iron be oetween 
20 cwt and 26 cwt., divide it into two equal chargea, and put between each of the charges four 
riddles of coke. Put three handfuls of limestone between every charge. If the weight of metal be 
30 cwt, or up to 40 cwt., divide it into three charges, and put on oo^ as above stated." 

The superiority of Ireland and Yoisin's cupolas over the old construction, consists in the shape 
of the interior, the height, and the perfect system of charging. Owing to the shape of the interior, 
the charges are kept up by the boshes alone, and aa they gradually descend the incline they are 
melted ; consequently the only portions of the lining of the cupola that are subject to wear, are the 
boahes and the sides of the crucible. 

Woodward'a steam-jet cupola is worked by means of an Induced current, caused by a steam jet 
blowing up the chimney of the cupola, instead of by blast forced in below. It is ass^ted by those 
interested in this cupola, that it effects a great saving in faelover the ordinary fan-blast cupolas, and 
it seems tolerably certain that it is at least as economical aa the best ordinary furnaces where fana 
are employed, with the additional merit of great simplicity. 

The steam required to create the draught, is only equal in quantity to what would be consumed 
by an engine, for driving a fan of sufficient power to work an ordinary cupola of the same size. 

Beaton's cupola is constructed by building a tall stack on the basis of a cupola, and providing the 
latter with two rows of large tuyeres ; the heat and draught are maintained simply by the asoeusive 
power of the hot airpaasing up from the cupola and stack or chimney. 

Yoisin's cupola, Eigs. 1254 to 1256, is a good form. It is constructed of boiler plate, in thick double 
riveting, in this instance, and lined with firebrick made to the shape of the interior. The bottom is 
arranged to dmp after the American plan, sufficient space being allowed beneath to accommodate a 
truck or trolly, for conveying away the broken bottom and contents remaining when the furnace is 
drawn. The blast is supplied from a belt completely surrounding the cylinder of the boshes, and 
from this belt two sets of tuvere& four in each set, aeliver the necessary supply of air. It wUl be 
seen. Figs. 1255 and 1256, that the lower set are arranged opposite and at rignt angles to the main, 
while tlie upper set are diagonal to it The inventor claims through this arrangement of the 
tuyerea, that the gases being burnt in the interior of the cupula, create a second zone of fusion with 
those gasea alone. In other words, the second set of tuyeres obviate to some extent the evil effect 
of the formation of carbonic ozfde. Yoisin's cupola has certainly been very successiful, and the 
more so, we are inclined to think, owing to the careful proportioning of every {Murt given to it by the 
inventor. 

A portable cupola with its fan is shown in elevation, Fig. 1256*, it is formed of a cylinder A A. 
of atieet iron ^ of «n in. thick, 2 ft. 3 in. in diameter, and 4 ft. 6 in. high, lined with firebricks ana 
clay, in the usual manner, 4 in. thick. 

The cupola weighs about 6 cwt, and is easily lifted by the workmen on to a trolly and taken to 
the place required, when it is lifted off and placed on a temporary staging. 

The cupola has a belt or air chamber at G G, into which passes the air from the fan D, and it haa 
four tuyeres of 2 in. orifice to admit the air to the fire. The yield of metal from ao smaJl a cupola 
was great ; as much as 3^ tons have been run down in seven houn by two men turning the handles 
of the fan, and nearly 4^ tons by the use of the engine in the same time. 

Numerous other forms of portable cupolas are &own, but none of them appear to be aa efficient 
and simple aa that illustrated, which was employed some years since melting metal for a special 
purpose on one of the large railway lines. 

In the disposition of a range of cupolas, attention should be particularly directed to placing them 
conveniently for access with the raw materials, all of which, it must be remembered, have to pass 
along the charging platform to the furnace mouth, and are much more bulky and weighty than the 
output of castings. It is advisable to keep the cupolas, the tapping floor, and the charging plat- 
forms in a separate buUding from the rest of the loundry, but communicating with it, and to nave 
it covered with a light corrugated iron roof, but provided with means of obtaining ample ventilation. 

The charging platform must be strong enough to bear the passage of the heavy loads of materials 
passing over it, and of sufficient area to allow of the separate stacking of the coke, limestone, pig 
and scrap iron employed in each cupola ; also for the firebrick and fireclay required in repaira and 
lining. 

There are various methods employed for raising the materials on to the charging platform, the 
most costly and inconvenient of all being manual Xeibour, except in cases of very small foundries. 

A travelling steam-crane, which can be moved to serve any one of the range of cupolas, or a 
hydraulic lift, such as that on p. 2250 of this Dictionary, which will hoiai a truck load of coke or 
iron from the ground level to the platform, are the arrangements employed in the best works ; all 
materials reachiag the charging platform pass over a weighbridge, and the fumaceman in charge 
has to keep an account of these deliveries. 

Immediately over every cupola should be a hood, which may be supported by a ring of cast iron 
on pillara resting on the top plate of the cupola, the hood itself l)eing of sheet iron, or built of good 
red brick set in fireclay, with a considerable taper, and having hoop-iron bands at intervals of from 
2 to 3 ft the whole way up. 
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onnoU maj aba be lined with a miitnre of 
, uia n?er Band, flrml; numned in, and bIowW 
dried ; or with rood mad, when obtaioed Traai a road 



macadamised with Bint ot iutti sanditone ; bat the 
latter must not be needif it contains anj iron or lime, 
and is not to be lecommeoded ae \titj reliable. Tbe 
lining dioald be at least 7 in. thick, and maj be 
thicker if made of flrebrick. The bnoks moat be aet 
in flieolaj mortar, oonsitting of refractory wnd, and as 
mnoh flreda; aa is needed to bold the sand tegether. 




For amalt oopolas a lining of well-rammed gan- 
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desired spaoe for the lining. The wooden block most 
be so made aa to be easily takai to pieoea to l>e 
removed, on the prlnoiple of a bootmakei'a last This 
^an is still occasionally piBcttsed, especially in 
Fiance. Great caro ia required in dryins this lining, 
as it is difficult to prevent nneqnsJ ^ing, when 
parts of the lining will probabl; beoinns &taehed the 
first time it is put in blast. 

It is therefore decidedly preferable to nse special 
Srebricks, or lumps, for tbe linin g, eapedally of large 

cupolas, altbongh aa a re&aotory material, ganister is scarcely to be surpassed, consisting of nearly 

pnre ailica, wi£ a little oxide of iron and alnmina, 

Tbe firebriok lining except for portables, ibonld have all the bricks laid aa headers with flr«- 

day joints not exceeding about one quarter of an inch iu tbicknesa. 
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The fiieday used for this pOipoee, and also for backing up the brickwork to the oasing of the 
capola, Bhoold be the eame olay m that from which the flr3>riokB haye themselTes been made, so 
that when at a high temperatore, there shall be do tendency to any chemio^ reaction, such as 
might be caused b^ onl^ a slight yariation in the oonstitaents of the clay. Many fnmaoe bnUders 
merely dip the bncks in a thick cream, composed of the same materials from which the bricks 
were made. 

The damp, loamy sand used for the bottoms of enpolas should not contain much alumina, and 




shonld be rammed well down, especially where it touches the walls. It should be about 6 in. 
thick, at the outer edge, slightly hollowed towards the centre, and with a good fall towards the tap 
hole. 

When the cupola has a moyable iron bottom, care must be taken not to put so little sand on it 
as to risk burning the trap away, whilst on the other hand, if the bottom is too thick, it will be 
more difficult to break down when it is wished to empty the cupola, especially if the sand contains 
a luge percentage of clay, tending to make it bake hard and solid. 

Toe tuyeres for laige cupolas may be protected from the heat to which they are exposed, in the 
same manner as blast-furnace tuyeres, but the destructiTe action to which they are liable U less 
than that which blast>fumaoe tuyeres haye to bear, where they carry in highly heated blast into 
the famace. 

The usual method of protecting a tuyere \b by keeping up a droulation of cold water round it, 
which is effected in a yanety of ways, great care being necessary to preyent any leakage into the 
furnace, a source of much danger to the men. 

Until recently all the tuyeres in use since the introduction of hot blast first necessitated a 
water tuyere, may be dassed under two heads, namely, the coiled tuyere and the water-jacketed 
tuyere. 

The coiled tuyere is generally made of a coil of wrought-iron tube imbedded in the sides of a 
hollow case of cast iron. Bometmies the coils are wound dose at the nose of the tuyere, in order 
more effectually to preyent the oast iron fh)m burning ; and sometimes the tuyere itaelf is formed 
entirely of a cool of tube, closely wound ttcm end to end. 

The water-jacketed tuyere is generally made of wrought iron, and consists of two conical tubes 
of different diameter, connected at each end by rings of wrought iron welded in, so forming a space 
between the two concentric walls of the tujere, which is filled with water supplied under pressure, 
and generally brought in through a feed-pipe at or near the bottom of the tuyere, and allowed to 
escape through a second pipe in the upper side. 

f ho6phoiM>ronze tuyeres are generaUy fixed in a cast-iron casing or box, beyond which they 
project into the furnace for the greater part of their length, and they are so arranged that they can 
be turned round in the cast-iron plate or box, in order to expose a different side of the tuyere to the 
action of the materials in ^e furnace. Greater durabililnr is claimed for phosphor-bronze than for 
gun-metal or copper, but eadi metal poflseeses the same aayantage of preyenting adherence of slag, 
scoria, or iron to the noszle of tbe tuyere, which is the only object to be gained by the use of 
copper or its alloys in' preference to iron. Additional precautions as to water supply haye to be 
taken where such metal is used ; as, owing to the low temperature at which it melts, a copper 
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tuyere may be more rapidly destroyed than an iron tuyere where any overheating is poeaible, but 
under favourable conditions both gun-metal, copper, and phosphor-bronze tuyeres have been found 
very durable, and the advantage gained by keeping the blast nozde always dean and fully open, ia 
an important one. 

The open spray tuyere invented by F. H. Lloyd, consists of two concentric conical tubes, doeed 
at the nozzle but open at the rear end. The supply is connected in the usual manner with a flexibla 
hose, and various systems of apray pipes are used to suit various shapes of tuyeres and vazious 
conditions of water supply. 

The number and position of the tuyere holes very much depend upon the size of the cupola, 
the quality of coke, and the nature of the pig to be employed. 

For some small cupolas only one tuyere is used, wliich is placed at the beu^k of the cupola, 
about 15 in. above the bottom. According as the diameter of the cupola is increased, so must the 
number of tuyeres be increased around it, in the same horizontal plane, so as to generate a uniform 
heat at all points in the furnace. If the cupola is of a comparatively small diameter, several tiers 
of tuyere holes should be arranged, one above the other, 8 or 10 in. apart, so that if it is required to 
melt a large quantity of iron at once, the tuyeres can be raised from the lowest range of tuyere 
holes to the range next above it, the first range being plugged with fireclav : when the iron is 
melted to the level of the second range, it is also stoppc^l up, and the next higher put in operation. 
But the process is much simplified by having a cupola of large diameter, capable of holding a 
considerable quantity of liquid iron, with but a small rise in height inside. There is then no 
necessity for more than two or three tiere of tuyere holes. Of course, these observations do not 
apply to cupolas furnished with a belt. 

Assuming a cupola to be capable of yielding 2 tons of liquid iron an hour, when in good blast, 
with one shin of the tuyeres, and that a 10-ton casting is required, the process would be as follows; 
The first 2 tons would be tapped and run into the ladle, when tiie tapping hole would be closed, 
and blast again put on. The metal in the ladle would be covered vdth about an inch of charcoal 
dust ; at the end of the hour the second tapping would take place, and melting again be resumed, 
until the five successive tappings had been taken from the cupola, and the ladle contained the 
required quantity of 10 tons or iron, of a sufficiently high temperature and liquidity for large 
castings. For although the first metal that is tapped is somewhat cooled by contact with the cold 
ladle, and has to remain in it for upwards of four hours, yet each successive tapping is of a higher 
temperature than the preceding one, as the cupola gets hotter the longer it is at work, and the 
metal in the ladle is therefore maintained at a sufficiently high temperature. 

If still larger castings are required, the metal can be nccumuluted in this way in ladles from 
two or more large cupolas, without the inconveniences of the shifting tuyeres, and the daugers 
arising from the pressure of great heads of metal necessarily incurred with cupolas of small 
diameter. There is, however, a limit of time in this intermittent process. In the first place, the 
metal must not be kept too long in the ladle before pouring ; and in the next place, slag will 
accumulate in the cupola, and the yield of liquid iron an hour will be considerably deereaiBed. 

The air main from the fan to the cupola is provided with one or two upright cast-iron pipes, 
which may either lead into another pipe surrounding the cupola, or be connected directly to the 
tuyeres. 

In arranging the air main from the fan to the cupolas, by-pass valves should be so arranged 
that the blast can be shut off from any one cupola at any moment, without interfering with the 
supply of blast going to the othen. In some forms of those fumaoes provided with a belt, means 
are provided for separating the blast of the upper or lower row of tuyeres, or again from any par- 
ticular pair of tuyeres, at will. 

One of the most important modem modifications in the construction of the cupola has been 
the introduction of the falling hinged trap-door. Fig. 1254, to allow of the whole contents to be 
dropped into a pit beneath the cupola after tapping ; by this arrangement the cupola is much 
more easily and ouickly emptied than by the old and fatiguing process of raking out When this 
can be adopted, tnat is, when there is the power to have a clear gangway left beneath the range of 
cupolas, it is necessary to pay great attention to the proper arrangement and strength of the 
supports. 

A brick tunnel for the blast pipes should be built behind the cupolas, the back and fronts 
carried on strong brick piers, with a vaulted brick passage passing directly under the cupolaa, 
leaving the central portion of the bottom of each cupola quite free. Light iron trucks ruiuung on 
rails laid in this passage will be brought under any cupola that is to be emptied, will receive its 
load of coke and slag, and will be run away to the pit, where its contents will be emptied and 
quenched, preferably bv a hose and jet, so as to avoid unnecessarily saturating the coke, as is done 
when it is bodily cast mto water troughs to be cooled, and when the coke is again used, the whole 
of that water has to be evaporated. 

The mode of forming the trap-door is to build the brick lining of the cupola so that it rests upon 
a strong flanged iron ring, which is supported by cast-iron columns resting on the brick piers. The 
central circular aperture, as large as the interior of the cupola left by this ring, is closed by a 
wrought-iron trap-door hinged to the back of the cupola, and secured in its place by bolts, wliich 
can be easily drawn by a sharp blow, so as to let the trap fall vertiailly, when the whole of the 
contents of the cupola will be received in the trucks beneath. 

The trap, being left open, allows a current of cold air to pass up through the cupola and 
chimney, so that in the course of about twelve hours the lining has cooled dovm sufficiently to 
allow the men to repair it, and put in a fresh bottom of loamy sand. 

In places where tliis system cannot be adopted, and the raking out of the cupola frran the 
front, on the old plan, is to be used, the breast opening should be left about 2 ft. square, to be 
closed by a falling apron of wrought iron, having a small opening left at Its lower edge fur the 
tapping hole, 4 or 5 in. wide by 6 or 7 in. high. 
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When the enpola is to be ohareed, the apron ia left full open ; firewood and ooke are chareed 
into the cupola and ignited, and ^en the ooke is well alight, a quantity of loamy aand is shoyeUed 
into the breast opening until it is qoite full, and is tightly rammed in ; the apron is then brought 
down forcibly thnnigh the superfluous sand, or the apron may be closed before the fire is lit, and 
the fumaoeman, when putting in the sand bottom, must also fill up the breast opening with 
the same material, solidly to tiie iron apron, and to the ftill thickness of the brick lining of the 
cupola. 

In either case care must be taken to preserve the tapping hole open, which must be on the leyel 
of the shoot outride. The tapping hole is, of course, placed so as to come within the orifice left on 
the breast opening. 

When the metal commencea to fiow, the tap hole is closed in the usual way. When it is desired 
to take out cinder and slag from the cupola, after tapping, the apron is removed, and part of the 
Band breast broken a?ray, and the furnace easily dearea within. 

In changing ooke into the cupola, a wide steel fork, with about eight round tines or prongs, will 
be found more oonvenient and economical than the common shovel generally tised, as the coke 
will be less broken, whilst tiie breeae and dirt will not be thrown into the cupola as with the shoveL 
In cases where the coke is very friable, or has had to bear much carriage, the percentage of 
breese becomes a material element in the cost of fuel ; if thrown into the cupola much of it is 
immediately blown away, whilst any dirt put in with it of course represents so much the more slag 
to be dealt with. The breeze, if kept clean, can be ground into coke-dust to be used by the 
mouldera. 

Siq>poeing the cupola to be cool, but in good working order as to lining and tuyeres, the fidline 
iron door at the bottom, if the cupola is provided with one, must be closed, and securely fastened 
in its place, and well covered with sand ; moulding sand is used when only a small quantity of 
iron is to be smelted ; if a large quantity of melted metal is required, a more refractoir sand is 
desirable. A wood fire is then lit in the cupola, upon which coke, coal, or charcoal is placed, the 
tap hole being left open to supply air to support the combustion, the tuyeres being also left open. 
The cupola is then filled with mel, which is kept in brisk combustion. It requires several hours to 
heat the furnace for blast, which is not laid on until the fiame appears on the top of the fuel. 
When the furnace is thoroughly heated, the nozzles are put in, and the fiin, or blower, is put to 
work. Before putting on the blast, however, the large tap hole must be closed with moulding 
sand, or good fire proof clay and sand mixed, leaving a small hole at the bottom, which serves as 
the tap hole for the iron. This should be about 2 in. diameter, and is formed by placing a tapered 
iron bar in the place where the hole is to be, ramming the sand tightly around it, and removing it 
as soon as the nolo is properly and securely moulded. When the blast is put on it will drive a 
flame through tibe tap hole, as well as out of the top of the cupola. The tap hole is left open to 
dry the freSi loam and sand, and also so that its sides may be glazed or vitrified by the heat, so 
as to resist the friction of the tapping bar; the heat also serves to glaze the lining of the cupola in 
thoeeparts which have been mended with fireclay rince the last smelting. 

When the cupola is intended to hold a large quantity of iron, the large tapping hole should be 
covered with an iron plate, securely fastened to the iron casing, leaving only the small tap hole 
open. 

Charging with iron is commenced as soon as the lower parts of the furnace show a white heat, 
which is best known by the colour of the flame issuing from the tap hole, it being at flrst a light blue, 
but afterwards becoming of a whitish colour. About ten minutes after charging the iron, the melted 
metal appears at the tap hole, which must then be closed by a stopper made of loam, which hag 
been worked by hand to a proper consistence ; a round ball of this is placed on a disc of iron at the 
end of a wooden rod, and is forced into the tap hole ; this is also done when it is wished to stop a 
tapping out with the bott or bod stick, as it is called, but is then a more difficult operation, as 
the molten iron frequently squirts out past the bott stick whilst the men are trying to apply 
the plug. 

Pig iron is broken into pieces of from 10 in. to 15 in. in length before it is charged into the 
cupola. This is a very laborious operation, especially in the case of tough pig iron. The first 
breaking is generally accomplished by throwing the pig down heavily upon a piece of old iron 
fixed in the ground, after which it is broken up still smaller with a sledge-hammer. This work is 
now very often performed by an adaptation of Blake's, or some other, stone crusher. 

From 10 lb. to 12 lb. of fuel are charged for every 100 lb. of iron ; but this quantity varies, 
depending much upon the nature of the fuel, of the iron to be melted, and upon the size and con- 
struction of the cupola. Along with the coke and iron, limestone must be put in, broken up into 
pieces about 2 in. cube, or oyster-shells, in quantities varjring from 2 to 5 per cent, according to 
the nature of the fuel and iron. Too mucn limestone, as well as too little, causes the iron to 
become white, to lose some of its carbon, and, in many cases, its strength and softness are greatly 
impaired. 

The limestone, when used, is commonly introduced into the cupola after the first charge of 
metal. It is intended to not as a flux, and combine with any earthy matters that may be present 
in the metal and ooke. With these it forms a glassy compound, and, by this means, the lion is 
freed from such impurities as it falls to the bottom. The slag, as it is termed, floats on the surface 
of tile iron collected at the bottom, and frequently makes its appearance at tlie tuyeres in a solid 
state. 

The cupola should be kept full whilst in blast, or at least so long as iron is melted, by alternate 
charges of iron, fuel, and limestona Fuel is generally put on first, then iron, and, lastly, the 
limestone, and the charging continued without intermission, until all the iron required at that 
time is melted, when the charges are stopped. The blast is, however, kept on until all the iron * 
has been tapped. As a matter of experience it has been found that the interior form of a furnace 
greatly affects the condition of the metal, and thus influences its applicability to certain uses ; thus, 

2 ■ 
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cnpolaa which are larger io diameter at the bottom than at the top, woric hotter than those with 
parallel aidea, and also last loneer, as the melted iron, which is apt to cut the firebrick, then aiiilca 
more throngh the materials in Uie body of the cupola than it does in cupolas with parallel aidefl. 
The amount of taper to be given to the lining depends upon the size of the cupola ; a large one 
will bear more taper than a narrow one. 

If it is intended to melt different qualities of iron in the same heat, a thick layer of fuel should 
be placed between the various brands, so as to allow of the extraction of all the iron which waa 
first charged, before the second appears at the bottom. In such cases it is preferable to first melt 
ttie grey iron, or that iron which is to make soft castings^ and white or hard iron afterwarda. 

When as much iron is melted as is required, the clay plug of the tap hole is pierced by a shairp 
steel-pointed bar, or iron rod driven by a nammer, and the metal run into pots, or it is run directly 
into tne mould by means of gutters moulded in the sand of the floor. Between each sncoeaBive 
tapping of the iron the tap hole is doeed, and more iron is allowed to accumulate in the bottom of 
the cupola. 

Where more iron than the furnace will hold is required for one casting, a portion of it is poured 
into a large ladle, which is kept until another charge ia ready, and this proceesi as before remarked 
may be so managed as to obtam eood<8ized castings from a small cupola. 

Less coke is consumed when the fusion is pushed more rapidly to collect a greater quantity of 
metal for heavy casting, as the iron required besides is not so hot as for smaller castings. Abont 
one-half more coke, on the contrary, is consumed in melting metal for hollow ware and ornamental 
work, as these thin, straggling castings require metal at a much higher degree of heat than the 
larger: and were such metal suffered to remain long in the bottom m the furnace, it would ran a 
risk of getting too cold to afford sharp impressions of the moulds. 

The greatest source of waste, however, occurs when iron is taken from the same furnace at one 
time for light, thin goods, and for heavy work. For as iron becomes less fluid the low«'r its 
temperature ftdls, it may be at first at such a temperature as will be suitable for the former kind 
of goods, while iron at a much lower one would be suitable for heavier casts. We may obecrve 
that when iron is drawn too hut for such a purpose as the latter, it must be allowed to cool before 
being poured, and the cooling is quickened by the introduction of scraps into the melted mass. 

Of course in large foundries economy in coke is important, especially as the less fuel can be 
used the quicker the metal comes down. It must be noticed, however, that if the percentage of 
the fuel is too much reduced, the furnace will scaffold. 

The quantity of coke consumed depends not only upon the quality of the coke itself, but also 
of the iron to be melted. Thus No. 1 hematite or cold-blast iron requires much more ooke than 
Bcotch or Oleveland. Anthracite coke, which is harder and denser than any other coke, requires a 
stronger pressure of blast for its effective combustion, and in such cases a blower ia to be preferred 
to a fan, as giving a stronger and more effective blast. For example, a cupola has been known 
to melt 1 ton of iron with 126 lb. anthracite coke ; the iron consisting of No. 1 Bcotch, Na 1 
hematite, and old cast scrap in equal proportions, the blast given by a 24*in. diameter Shiele's hn 
running at 1700 revolutions a minute. 

It is absolutely necessary that the furnace should be kept in good repair, so as to pre a or ve its 
shape, and the charges sliomd also be made level and uniform in thickness as well as being carefully 
weighed. Every care in this respect must be insisted upon, as it is absurd to expect an^inz but 
wasteful results unless each charge bears its proper relation to the preceding, which can only be 
the case by constantly using the weighing machine. 

In country works there are times when a small quantity of metal only ia required to be melted, 
much below the usual burden of the cupola, and if for this small cast of metal it is neoeesary to 
work through with a full charge for the cupola, much fuel is unnecessarily burnt, and much 
time lost. One remedy for this evil, as practised in France, consists in building a cupola rather 
large in diameter, and lining it inside with damp, loamv sand, rammed hard into plaoe round a 
number of wooden cores, wUch are afterwards removed. Tiiis arrangement gives the power of 
varying the internal capacity and shape of the cupola to a large extent, at a comparatively small 
cost, and with no very great delay. 

The great advantage of the reverberatorv or air furnace is, that it may be easily applied io a 
variety of different uses, with slight modifications in construction. The reverbemtoir and Uie 
crucible make the strongest, closest, and safest castings, whereas castings from a cupola are the 
weakest, except those which are obtained direct from the blast furnace. 

Although the cupola has of late years almost entirely superseded reverberatory fiimaoea, there 
are several points in favour of the latter, which must not be loitt sight of. The cupola is undoubtedly 
the cheaper and more generally convenient form of furnace, but where it is wished to turn out 
specially good work, and to .obtain a perfectly fluid and uniform metal, the reverberatory furnace is 
preferable. The deoxidating flame of the reverberatory is supposed to improve the pig iron, by 
adding somewhat to the amount of combined carbon it contains, whereas the cupola, as usually 
worked, with an excess of air, is an oxidizing furnace. 

In two other respects the reverberatory presents advantages over the cupola ; by it it is possible 
to melt a given quality of cast iron more absolutely free from change in its constituents, molecular 




that contains much sulphur makes very indifferent castings, and the desulphuration is so imperfect 
and unreliable, that it ia usually far cheaper and more certain in working to obtain a good pig iron 

at the outset 

The following are generally circumstances under which it may be considered advisable to use 
the reverberatory furnace in preference to the cupola ; — 

When there are no means for obtaining sufficient blast for a cupola ; when it is necessary to melt 
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down such large numeB of metal as cannot be managed in the cnpola ; when it is required to brine 
a given p^ iron, by deozidation, to its highest point of tensile resistance, as for gnn founding ; and 
when it is neoeasary to erect a foundry under ciicumstanoee where a onpola with blast oould not be 
bnilt or worked ; as, for example, in a lonely colony, a besieged town, or such other exceptional 
conditions. 

Under most other circumstances the cupola is to be preferred, as the reyerberatory is neither 
economical in metal nor fuel, except where the operatioDs are constantly going on from day to day 
on a very large scale, and where good bituminous coal fuel is cheap. 

The mi^ng of patterns is a trade in itself, and into the bench details of this trade it is not our 
purpose to enter. 

Wood is almost uniTersally emnloyed as a material for patterns, pine or deal and mahogany 
being the kinds chiefly used. Of tnese pine is the most useful, in consequence of its uniformity of 
substance, freedom from knots, clean and easy working, and abundance. Yellow or white pine is 
particularly good for long and nearly flat work ; it does not warp much, is not likdy to split, and 
is lif^t to handle. It has a flne grain, and is left smooth after the tool. It should not be roughly 
used, however ; being soft, it is easily injured by a blow or a fijl, and will be injured if placed in 
situations where it is likely to be subjected to such contingencies. 

There are several woods which, although adapted for patterns, are still, from their tendency to 
split, only to be used with caution, notably teak and greenheart. Patterns made of sycamore, 
maple, box, and elm, generally require to be varnished or painted before being placed in sand ; 
otherwise, however dry and smooth they may be, they may not draw deanly from the mould. 

No large foundry should be withont sufiioient stock of seasoned wood for patterns, nor without 
a properly constructed drying room for desiccating such timber. In a foundry nothing is more 
wasteftd than the employment of half-seasoned wood, when the patterns are to be of any permanent 
value. 

Timber is seasoned by being exposed freely to the air in a dry place, protected if possible from 
the sunshine and high winds. The timber is stacked so as to allow of the free circulation of air 
amongst it, and should be slightly raised from the ground on stone or iron bearers. If the timbev 
iff allowed to remain in water for a fortnight, the subsequent seasoning and dicing is more rapid. 

Time is the best seasoner of timber; but space and other economical considerations usually 
cause founders to abridge the time by artificial seasoning. This is often done by piling the sawn 
planlEs into racks, provided over the boilers of the engine which drives the machinery of 
engineering works. In large works it is much safer to have a proper oven or desiccating kiln 
especially made for the timber, and heat by the waste heat from some boiler or fire. When the 
wood is quite dry, it is best stacked in racks horizontally in the open air, but under cover from rain. 

Large patterns when quite done with should be taken to pieces, and the more usef^ portions of 
timber they contain cleaned and stacked for use again. Those patterns which are to be preserved 
for future use should be stored in an orderly manner, exposed to the opmi air, but roofed over to 
keeptiiem dry. 

wheel patterns occupy a great deal of room, for they must be stacked upon the flat over each 
other in piles, only bearing upon each other at the eyes of the wheels. They should be placed on 
the ground floor, which should be boarded ; and in a large millwright establishment, wnere spur 
and bevel wheel patterns of 10 or 15 ft diameter are not uncommon, a light overhead teveUer 
wonld with advantage be so arranged as to pick out any pattern from any part of the room. 

The upper floor answers well for all other classes of patterns. The iron and the brass or gun* 
metal woric patterns are usually classified distinctly. But in marine engine and locomotive work, 
it will always be best to place the whole of the patterns for the parts of each engine toother, 
whether they be for iron or for brass. Drawings to full size on boanis, templates, gauges, and the 
like for such work, are best also deposited adjacent to and in order with the patterns. 

Some woods rapidly imbibe the moisture fh>m sand and a«lhere so firmly to the face of the 
mould, that they cannot be withdrawn deanly and smoothly firom ii As a precaution against these 
defects in the wood, and also as a preservative for the patterns, they are usually coated wi^ 
varnish, or oil paint, and their surfaces made smooth ana glossy. There is nothing better for 
this purpose than a moderately hard-drying oil paint, black-leaded over when dry. When only one 
or two castings are required from a pattern, especially if it should be of an ornamental and 
delicate character, a coating of black-lead and beer may be applied directly to the naked wood. 

Pattern makers mis with their glue some good thin-drymg linseed oil, in the proportion of 
about one of oil to four of water. The oil is added to the glue and well stirred in whilst hot. This 
glue is scarcely uffected by moisture, and makes a strong, sound joint, although it does not set 
hard and glossy, Uke ordinary glue. 

Bome patterns, made of rather hard wood, such as dry mahogany, will deliver very well if coated 
with copal varnish. Weak shellac vamisb is also a good protection. 

In patterns for machinery, the parts to be got up bright should be painted of a different colour 
to the remainder of the pattern, then extra care in moulding may be exercised to prevent specks or 
other defects at these points. It is also a good plan to colour core prints differendy to other portions 
of pattema 

When a pattern is nearly all composed of one material, it is by no means difficult to estimate 
the weight of the casting for which it is intended. A reference to the table of specific gravities, 
and a short rule-of-three sum, suffice to give the approximate weight of the casting in any desired 
metal, if the weight of the pattern is known. If of a simple form, its cubical contents, multiplied 
by the weight of a cubic inch, or cubic foot of the metal, will give the weight of metal required for 
the casting ; and this is generally the more reliable plan, as it is quite unaffisc^ by differences in 
the specific gravities of the materials used in the pattern. It is always necessaiy to make a good 
allowance for the excess of metal in the rising heads, gaits or gats, and the like. 

When a pattern is made up of several difflsrent matenals, and is of a form not easily to be 
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measored for its cabical contents, the nsaal plan is to weigh each of its component parts before they 
are finally adjusted in position, and the weight of the hard wood, iron bolts and stmps, being noted 
down, the weight of metal required can be arriyed at. 

Tablb L — Appboximatb Wmigbtb or GAsriHoa. 



A Pftttern Weighing 1 lb. 


Wni weigh when Out in 


Cast Iron. 


Zinc 


Obpper. 


TellowS^BBB. 


GonMetaL 


Mahogany 

White Pine 

Yellow Pine 

Cedar 

Maple 


lb. 

8 
14 
13 

11-5 
10 


lb. 

8 

14-5 
12-6 
11-4 

9-8 


lb. 
10 
18 
16 
14-5 
12-5 


lb. 

9-8 
17-5 
15-5 
14 
12 


lb. 
10 

17-8 
16 
14-5 
12-4 



Papier-mftoh^or plaster of Paris, should always be black-leaded, over thin hard oil paint. Gast- 
iion patterns should be rusted by any solution which increases the tendency of tne metal to 
oxidize. Bal-ammoniac, dilute hydrochloric acid, or common salt in water, answers the purpose. 
The rust must be completely got off by the soratoh brush of wire, before the black-lead is 

applied. 

All metallic patterns are much improved in their delivery by being finely black-leaded. Prior 
to the application of the plumbago, the surface of brass or gun-metal patterns should be roughened, 
by leaving them wetted with a solution of sal-ammoniac. Zinc, solder, or type metal, or other 
such soft alloys, will take the black-lead at once, if the surface be free from grease or dirt. 

To preserve iron patterns from rusting, and to make them deliver more easily, they should be 
allowed to get slight^ rusty ; next, they should be warmed sufficiently to melt beeswax, which is 
then rubbed all over them, and nearly removed ; they are then to be polished with a luund brush 

when cold. 

Oast iron, brass, zinc, plumber's solder, gun-metal and type-metal are frequently used, whilst 
cements, plaster of Paris, wax, terrarootta, papier-mftchd, and glass, are occasionally employed in 

pattern making. 

Many common works, such as plates, gratings, and parts of ordinary fire-stoves are made to 
written dimensions, without a pattern, as a few slips of wood to represent the margin of the castings 
are arranged for the time upon a fiat body of sand, which is modelled up almost entirely by hand. 

The pattern is a model of which the casting is to be the copy, but an intermediate stage is 
necessary, namely, the mould, which represents in hollows the projections which must appear on 
the finished casting. Each of these articles, namely the pattern, the mould, and the easting, is 
generally made in different materials, each of which is subject to certain alterations in siae and 
shape dependent upon the degree of heat to which it may be exposed, or upon changes in drvnees 
or moisture. Thus, from the original design or drawing a pattern is made, most frequently in 
wood, which is tiien transferred to the mould ; this varies in materials according to the nature of 
the work into which finally the molten metal is poured. 

in view of these circumstances, and certain known properties of materials at different tempera- 
tures, allowances have to be made for shrinkage, from which it follows that patterns have to 
be made differing materially from the size and shape of the casting which is to be produced. There 
are several elements of complication ; thus, as there must be a slight clearance allowed for removing 
the pattern from the mould in which it is enveloped, the hollow of the mould has to be slightly 
larger than the pattern. The casting itself contracto in cooling to an extent which is pretty well, 
but by no means accurately, ascertained, and for which a regular allowance is made. Thus, in 
large, heavy iron castings, ^ in. is allowed to every foot of length in the pattern, which is found in 
practice sufficient to allow for the contraction of the metel on cooling, combined as it is with the 
slight increase in the size of the mould over the pattern. In small castings, -^ in. to 1 ft, or 
about 1 per cent is sufficient The contraction in malleable cast iron is fully ^ in. to the foot 

The following remarks upon this point are taken, with the accompanying table, from Thomas 
Box's • Treatise on Heat* ; — 

** The contraction which metals experience in cooling down from their melting points to ordinary 
temperatures is very considerable, amounting to about 1 in, with a straight bar of cast iron 8 tt. 
long, or with a copper bar 5 ft. long. Allowance has therefore to be made for contraction in fixing 
the sizes of the pattern." 

Table XL gives the resulte of practical observations on this subject, and is very simple in 
application. Thus, a cast-iron girder, 20 ft long, must have a pattern 1246 x 20 = 2*492 in. 
longer than itself, but a pattern 20 ft long would give a casting *1236 x 20 = 2*472 in. shorter 

than itself. 

For practical purposes | in. to 1 ft. for cast iron, ^ in. for gun-metal, J in. for copper, and J for 

sine may be taken as sufficient approximations. 

The contraction of wheels is anomalous, as is shown by Table III. The irregularitiee in the 
appctfent contraction arise in part from the practice of rappingf the pattern in the sand, to make it 
an easy fit and enable it to be drawn out with facility. This is most infiuential in ite resulte with 
small, heavy wheels of great width of face. In some cases, and in rough hands, the casting of a 
small and heavy pinion may be quite the fall size of the pattern. The allowance to be made is 
therefore not uniform, but must be fixed with judgment In large wheels, where the effect of 
rapping is comparatively small, -^ in. to 1 ft. may be taken safely. A wheel is not so f^ to 
contract as a straight bar, and in any case ite contraction vrill be less. 
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Tablb IL— CoHTBAonoN or Mktau nr OAamNO (Box.) 






Length of Pattern. 


Oontractlmi 






Totalln IncliM. 


A Fuot 








OfPftitem. 


Of Outing. 






ft. in. 










Out-iion girder .. 

f> n ** 


21 8i 
16 9 


205 


•1236 
•1225 


•1246 
•1236 


• • 

• • 


Gun-metal bar 


5 41 


1-0 


•18568 


•1886 


Maximum. 


f» »» •• 


5 m 


•936 


•1653 


•1676 


• • 


>» n •• 


5 7i| 


•97 


•1713 


•1737 


a • 


99 99 ■ * 


6 Oi 


1-0 


•1616 


•1684 


*• 


99 99 •• 


6 6A 


•92 


•1671 


•1695 


• • 


t» 9> •• 


6 6|V 


•90 


•1635 


•1657 


a a 


•9 99 ** 


5 e^ 


•88 


•1598 


•1620 


• • 


99 V *• 


5 6,V 


•84 


•1526 


•1545 


Minimum. 


♦9 99 •• 


•• 


• • 


•1607 


•1632 


Mean of 8. 


Copper and tin; — 












oopper, 1*3; tin, 
10 

99 99 99 •• 


S 6A 


•895 


•1623 


•1645 


Maximum. 


« 6* 


8-80 


•1595 


•1617 


•• 


99 99 »> •• 


« 6A 


8-80 


•1595 


•1617 


• • 


99 99 H •• 


S 6VW 


8*85 


•1550 


•1570 


Minimum. 


*9 99 99 ** 


5 6A 


. • 


•1591 


•1612 


Mean of 4. 


Yellow braae .. .. 


2 sT 


•6 


•1811 


•1839 


• • 


Copper 


7 10J 


1*54 


•1948 


•1980 


Minimuffla 


99 •• •• •• 


7 5i 


1*465 


•1972 


•2005 


. a 


9» •• •• •• 


7 6| 


• • 


•1972 


•2005 


Maximum. 


ff •• •• •• 


• • 


■ • 


•1964 


•1996 


Mean of 4. 


Lead (mould).. .. 


2 


•21 


•1050 


•1059 


• • 


Zino cast in iron .. 


2 OA 


•455 


•2257 


•2301 


Minimum. 


99 99 •• 


2 OA 


•465 


•2307 


•2352 


Maximum. 


99 99 •• 


• • 


•• 


•2282 


•2326 


Mean of 2. 



The amount of cleaTanoe to be left in the mould is much larger in hand-made green-sand 
moulda, and also with large and heavy patterns, or those which are difficult to draw, than in 
machine-made moulds, where the difference in size between the pattern and the casting, need be 
little more than sufficient to make up for the contraction of the metal on cooling. 

There being so many elements of complication, it would be impossible to give any absolute 
rules or formuUe, sufficiently simple for an ordinary skilled workman to easily understand and 
remember, in the haste of every-aay practice, when nearly every separate pattern that has to be 
made brinirs into play different conditions requiring speciid arrangements. 



Table m.— Cohtraotiok ts CABTora Spdb Wheels m Cabt Ibon (Box.) 



r 

a 



Extreme 




Diameter of 


Pitch in Inches. 


WlwelGuUng. 




ft. in. 




10 2f 


Si 


6 2A 


8i 


S I* 


3: 


5 5A 
2 111 


li 


2 4« 


H 



width of Teeth 
in Inches. 



Contractioa 



12 
9 
11 
11 
12 
9 



Total in Incfaes. 



08 
54 
375 
345 
•11 
115 



A Foot 



OfOwtlng. 



Of Pattern. 



Inchea 

•1059 

•0893 

•0613 

•0631 

•03896 

-0397 



Inches 
►1040 
-0886 
0610 
0628 
03884 
0396 



One of the most important points upon which success depends is the allowance to be made for 
oontroction, the extent of whicn, as before mentioned, varies with the* shape, size, and material of 
the casting. The allowance is nearly always made by the workmen in the dimensions of length only, 
although undoubtedly a similar contraction of the metal takes place, to a somewhat smadler extent, 
in the other dimensions of the casting. In the majority of cases, where the casting is a complete 
article in itself, perfect accuracy is not imperative. When, however, the casting is intended to be 
fixed together with other portions to form an engine, for instance, it is necessary that it should bo 
true in shape and dimensions, and free ftom flaws aod air holes. In cases where many castings have 
to be made from the same mould, the first should be carefully examined, and any little errors can 
then be rectified in the mould before again pouring. 

In dry sand or loam moulds this trimming can be managed to a nicety ; wheru they are too 
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dabk, by laying on BoooemoYe coats of olay and blaekwaah; and where they are too tight, by 
earefally mbbing away some of the sand or loam. 

When numezons articlee are required to be alike, a metal casting is frequently need as the 
pattern, as being more durable than wood. In this case a wooden pattern is first made, in whieli 
there is an allowance for what is called the double shrink, that is, the contraction of the metal 
pattern from the wooden pattern, and the contraotian of the ultimate casting from the mould which 
has been formed upon the metal pattern. 

The shrinkage sideways and endways of a casting 4 in. or lees in size, is compensated for br 
the shake in the sand given by the moulder to the pattern, in order to extract it from the moulo. 
In very small castings requiring to be of correct size, allowance should be made in the pattern for 
the shake of the pattern in the sand sideways, say about y^ in. less than the length required. 

In extensive works many forms of wood-working machines, specially adapted ror this class of work, 
are used. A useful adjunct also is a steam glue oven. It can be arrane^ in various ways. The 
pressure these ovens should stand is 60 lb. to 1 in. without leakage, but ue steam chamber must be 
tested considerably beyond this. 

Detached letters and numerals, made in malleable cast iron, are also of .great service ; they can 
be readily bent cold to fit any curve. The sizes up to 2 in. high commonly have short spikes cast 
in the back, so that they may be fastened readily on to wood patterns of any description. The 
larger sizes have countersunk holes for screws. 

The principal materials used in the various branches of moulding are, sand of various kind^ 
clay, blackening, coal-dust, and cow-hair. 

The materiu of which the mould is constructed must allow of the passage of air and gasea, 
which are generated within it at the time of pouring, but must also be of a sufficiently compact 
nature to resist the pressure of the liquid metaX and to prevent its exuding through the pores. It 
must be capable of bearing the very high temperatuie at which iron is poured, wiUiout being 
affected by it, and it must not be of a nature likely to set up any chemical action with the molten 
metal. It must be easy to part from the casting, and most give a clean, smooth surface to it. 

Sand is superior to aU other substances as a material for forming moulds generally. The hot 
metal has no chemical action upon it, and it acts well as a conducting medium for the air expelled 
from the mould, and for the gases generated by the action of the heat. And it possesses con- 
siderable adhesiveness when rammed together, sufficient, indeed, to make it retain its form 
against the pressure of the melted iron ; and. moreover, it is easily made to conform itself very 
accurately to the surface of the pattern imbedded in it 

The higher the temperature of the metal to be cast, the more difficult it becomes to comply with 
the necessarv conditions in the sand. Cast iron is poured at a higher temperature than most other 
metals whicn are cast, except steel, the moulds for which are prepared in a special manner. 

The locality of many an important foundry has been determined by the proximity of suitable 
moulding sand in large quantities. 

The sand of the London basin is among the finest in England. It is universally employed in 
the manufacture of fine goods, as grates, fenders, and the like. The sand in the neighboarhood of 
Falkirk is coarser and more open in the pores, wnich unfits it for such work. It is employed for 
casting hollow ware. The Belfast sand is finer than tliat from Falkirk, and is used principally for 
fine machinery castings. It is also sometimes used for filing the moulds of ornamental work, to give 
a fine surface. It is, oesides, excellent for hollow moulding, when it is miied with the Falkirk 
sand. Derbyshire, Shropshire, Lancashire, and Cheshire, and various places in Europe and the 
United States, produce excellent sands. 

One great desideratum is, that these sands should not be liable to what is called burning, in 
use, when they will only do duty once with any safety. This defect arises from the crystab in the 
eaud not being sufficiently refractory to stand a high temperature, owing to which they break up into 
fine dust, which, if wetted and used again, will set in a dose and compact mass, and spoil the casting. 

Parting sand should be of a lighter colour than the moulding sand, and should be clean, fine 
grained, and of uniform texture, free from salt and chalky matters. Red brick-dust, fresh free 
sand, or blast-fdmace cinder, finely pounded, may be used. In any case, the substance used must 
be one which does not retain moisture. Green-sand moulds are faced with oak-charcoal dust 
ground to an impalpable powder. Dry sand or loam moulds are fiused with wood-charcoal dust 
grcund to powder, or with a blackwash consisting of coal-dust mixed with water. 

Moulding sand is always mixed damp, with a proportion of coal or charcoal dust; ground 
bituminous, or rich, hard splint-coal, being preferred. Where wood fires are employed, the soot 
from their flues is ocoasioniidly employed for this purpose. 

The proportion of carbonaceous matter to the sand varies, and depends partly upon the quality 
of the sand itself, and partly upon the uses to which it is to be applied. One part coal to 10 of 
sand, and 1 part ooal to 15 sand, are about the maximum and minimum proportions for the sand 
floor of the moulding shop. In facing sands, the variations range over a large field; from 1 in 10 
to 1 in 20 may be considered the maximum and minimum proportions. 

Every time the sand is employed, that portion of tlie coal-dust in it which is contiguous to the 
casting undergoes a chemical change, which is called being burnt, by the moulder, consequently 
frequent additions of fresh coal-dust to the sand are necessary. For this purpose the sand should be 
damped, and dug over, and allowed to get cool, and then the new coal-dust must be well mixed in 
with it 

Blackening and coal-dust are employed to resist the penetratmg action of the iron on the sand. 
Blackening is simply charred oakowood ground to powder. Oak charcoal is superior to all other 
ordinary wood charcoals for the purpose, as it is tne heaviest. Other wood charcoals are apt to 
become disengaged from the surface of the mould to which they are applied, and to float in the 
iron while liquid, which of course defeats the object of their use. Ground plumbago forms a good 
bluckening for high-class work. 
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Oak diftrooal being expenaife, many attempts have been made to sabsUtate other materials for 
blackening ; none of ttieBe have been very mncb employed exoept carbonized peat. A method of 
treating peat for this purpose was described by G. E. Hall in a paper read before the Society 
of Engineers in 1876, and it was then stated that peat blackening huMl been used for light and 
heavy castings and cores, with marked saooess. 

In large castings, the blackwash on the face of the monld should be proportionately thick(9r than 
for small ones, to allow for the longer continuance of high temperature to which it is exposed, but 
even this precaution will be of little avail if the moulding sand is not of a very refractory nature. 

For castings, where the temperature of the metal is likely to exceed that of melted cast iron* it 
is advisable to make a special feeing of quartz and refractory fireday. An infusible facing sand 
is made of the siliceous ganister and fireclay wash ; dry and screen, then add coal-dutt| ground 
charcoal, or plumbago. 

After sand, loam is the founder's great material. As with fireclays, a chemical analysis of all 
loams and days should be obtained, before any large purchases of these materials are made. 
An experienced moulder will generally be able to form a pretty correct judgment as to the qualities 
of these articles, testing them by observing their plasticity or capacity for taking and retaining 
impressions. The day generally used is either calcareous or ferruginous; when it contains a 
considerable proportion of sand, the mixture is called loam. At a r^ heat these substances part 
with their combined water; most of the chalky clays fuse at the melting point of cast iron, 
or become vitrified. The ferruginous da^s, or such as contain alumina and silica, are more refractory. 
Pyrites and limestone are objectionable m day or loam, and flinty pebbles should also be removed 
before the clay is ground in the mill. 

The clay should not be allowed to get hard and dry in the store or stack, as it is much more 
difficult to get it to a proper oonsistency afterwards. Lime and alkalies are to be avoided, and any 
day containing more than about 5 per cent of carbonate of lime should be rejected. 

Clays which do not contain any sand require to have some g^nnd in and mixed vrith them ; and 
nearly every clay requires a certain proportion of sand to be added to it when ground up. 

For giving the necessary porosity to loam, a number of substances are added to it. Amongst them 
may be mentioned powdered coal and coke, horse-dung, straw, chafi^ plasterers' hair, bran, and 
chopped tow ; the material employed must not be cut or g^und up too fine, or it will lose some of 
its Dinding power, and it must be uniformly mixed throughout the mass of the loam. These 
substances are only added to that part of the loam intended to be used for the body of the mould, 
and not to the loam which is used for finishing the face of the mould. The loam mill has, there- 
fore, two functions to perform, namely, grinding and mixing. 

An ordinary mortar-mill is generally used for the purpose, but there are several modifications in 
detail, which are of advantage for loam-grinding purposes. 

A greater portion of the mixing of the materials used for fine work is done by hand, and this is 
especially the case with facing sands, which a careful moulder superintends himself. 

Loam is usually wetted with cold water when in the mill, but in the winter it is found 
advantageous to use warm water for this purpose, or to blow waste steam over it from a jet pipe, as 
it not only facilitates the grinding and mixing, but considerably assists the moulder in his work ; as 
he must handle the loam, if it is mixed with water only just above freezing point, his hands get so 
benumbed as to seriously hinder his operations, besides causing him unnecessary pain and incon- 
venience. Of course by the time the loam is delivered into the moulding shop, it will have lost a 
ooBsiderable portion of its heat, yet it can be readily delivered at a temperature of between 60^ 
and 70° F., beyond which it is not necessary or advisable to go, as at much higher temperatures the 
loam loses some of its cohesiveness. 

If the loam has to be left in the open all night during frosty weather, it shonld be covered with 
coarse matting or bagging to prevent its freezing, which, however, it is much less liable to do if it 
has been mixed with warm water. In cases where a foundry possesses its own clay pit, the clay 
is f^uenUy weathered by being out up and exposed to the action of the winter's frost, until it is 
required to be ground and mixed ; this somewhat facilitates the latter operation. 

Where unb&ed day-bricks are required for loam moulding, dies may be prepared of various 
sizes and forms likely to be useful, as a stock of these brioks saves the moulder's time in cutting 
and trimming his moulds. 

The power of conducting heat is considerably less in red-hot iron than in copper and brass, and 
therefore the moulds for the latter require to be in a drier condition than those which may be used 
for iron. Ironfounders* moulds are therefore more moist, and the sand they use is coarser and 
more porous than that of the brassfounder. 

Moulds made of metal are frequently employed for casting tin, lead, pewter, zinc, and types. 
Brass or brunze moulds are generally preferred for such purposes to iron moulds, as they do not 
corrode, and retain a better polish. Such moulds are constructed on the same prindplo as sand 
moulds. If a metal mould is divided into several parts, each part should be provided with a long 
handle to protect the hands from the heat of the mould. All the parts must be accurately fitted 
together, and kept in position by means of lugs and pins, or by wedges. Gently heat the mould 
before pouring metal into it; this is especially necessary when casting metals having a low 
mdting point, as they have not much heat to part with between the melting point and the tempera- 
ture of solidification. Polish the mould after each cast, and rub over with a rag and oil or tallow 
80 as to dightly grease the face of the mould. Sometimes a film of sandaraoh, Maten up with the 
white of egg, is applied, particularly for* alloys. For single metals oil or fat is preferable. 

Some few objects are cast in open moulds, so that the upper surface of the fluid metal assumes 
the horizontal position the same as other liquids. As a general rule, however, the metals are cast 
in dose moulds, so that it becomes necessary to provide one or more apertures or gates for pouring 
in the metal, and other apertures to allow for the escape of the air displaced and the gases gene- 
\ fated by tiie inflowing metal.. 
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When these monlclB aze made of metal, they most, eioept for chill castings, be heated siiiB- 
ciently so as not to chill or solidify the fluid metal too hastily ; and when moulds are made of 
earthy matters, although moisture is required in their formation, it must all, or nearly all, be 
evaporated out before they are filled with molten metal, or explosions of steam will occur. 

Mouldd oonsLiting partly of loam or sand and partly of metal are frequently employed. Small 
wheels, bashes for Ciirt-wheels, and the like, receive their bore by being cast over an iron or atael 
core. Such a core iron is a little tapered, to admit of its being freed fiom the casting by a smart 
blow of the hammer. 

The casting must not be allowed to cool down entirely before the core ia removed. It is 
generally removed when the casting is hot, but so far cooled as to resist the drawing out of the 
core iron. 

In processes of green-sand and dry-sand moulding, boxes or flssks, Figs. 1257 to 1260. are always 
employed, the purpose of which is to contain the sand in which the pattern is moulded. These boxes 
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are, for oonvenienoe, of various sizes. If there is a great or constant demand for castings of one form, 
boxes are made expressly for them, conesponding in form. By this plan a saving of labour is e£fected, 
as the ramming up of useless comers is avoided. For general purposes boxes are made reotangiUar, 
and in two halves. These ooxes have neither top nor bottom, but each half-box, or, more oonreotly, 
each box, is composed of an outside rectangular frame a 6, which is generallv 3, 4, or 5 in. deep, for 
the lighter flat mouldings They have transverse ribs joining the opposite sloes at equal distancee of 
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4f in. between them. The rougher these boxes can be made the better ; they hold the sand mora 
effectually, and accordingly, in casting the boxes themselves, the patterns for them are simply laid 
in the sand on the ground, and after being rammed are drawn out. There is no blackenicg used for 
the surfaces of the moulding, and thus the iron enters the pores of the sand and rougbens. 

As there is no covering for the mould, it being exposed to the air, this mode of casting is called 
open sand easting ; the exposed surfisoe, however, is very irregular and rough ; this metihod is used 
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only for mcmlding boxes, where the roaghness is a virtae, and for articles of a ooorse nature. Wooden 
boxes or flasks are also in use, but not commonly in large works. In these nails are made to pro- 
ject inside to increase the adhesion of the sand, and the same plan has been applied to iron boxes, 
but it is not a good one. 

The ribs of the upper boxes are not so deep as the outside frame. Tbey are generally an inch less 
deep to allow a depth of sand over the pattern that is imbedded in the sand of the lower box. The 
frame of this box, called the drag-box, is the same as that of the upper, but the ribs are much shorter 
and thicker, as it is not required to be moved about oud inverted like the upper one ; besides, it allows 
a much more available depth of space for the moulding of the pattern. As the lifting and shifting 
of these boxes, when small, is usually managed by two men, they have two snugs or handles at each 
end, seen in the figures, by which they are held. They have also usually three hooks and eyes nn. 
Fig. 1260, and three pins and holds to receive them, arranged alternately along the sides, there 
bemg two on either side and one over the other. The pins are fixed on ears ddd, cast on the sides 
of the drag-box, and pass through holes made in ears in the upper box, which correspond, so that 
the boxes, in being placed together, must always have the same relative position. These pins are 
often chilled to make them more durable, and one made square while the others are round, which 
ensmres accuracy of position. The hooks and eyes hold the boxes tightly together for the casting. 

Fip. 1261 to 1272 represent the different kinds of tools employed by flat moulders in the execu- 
tion of their work. Fig. 1261 is the trowel, the instrument in most frequent use. There are varioue 
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iises of it used, from one-fomth to 2 in. broad in the blade, and 3 in. long generally. The purpose 
of the trowel is to clean awav and smooth down the surface of the sand, to press down ana polish 
the blackening, repair injured parts of the moulding, and so on. Fig. 1262 is another form of trowel 
of a heart shape. It is partioulariy empbyed for entering acute angles in a moulding, into which 
the square trowd evidently cannot go. Fig. 1264 is another form of tool for managing hollow im- 
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pressionB in the sand. Fig. 1271 is the form of the sleeker and cleaner. As the trowel is applicable 
only to open, plain sur&ceSyHhis tool is used for cleaning and smoothing sunk surfisMses in the sand 
which the oidinary trowel cannot reach, as the impression of a flange, or of any flat part of a pattern 
presented edgewise to the sand. The upper end is applied to the sides of such an impression for 
sleeking or smoothing it, and the under end goes to the bottom, where it is used both for taking up 
loose sand lying there, and for pressing and smoothing down the surface. It is to be noticed, too, 
that the upper end is presented edgewise to the direction of the spade at the under end, so that when 
this is employed at the bottom of a deep reoess, the upper end stands sideways to the sides of the 
recess, and permits free motion. 

Fi^. 1272 is the first rammer ; it is about 4 ft 6 in. long, and its under face is about 2 in. by 1 in. 
Sometimes the upper end, by being tapered off, is made to serve for forcing holes in the sand. 
Fig. 1270 is the second rammer, for finishing the work of the first It is round in the &ce, about 
8} in. diameter, vnth a wooden shank of convenient length. 

Figs. 1263 to 1269 represent the forms of the cast-iron sleekers employed in the operations of 
hollow moulding. Figs. 1266 and 1267 are of the convex and concave sleekers for corresponding 
surfaces. Figs. 1268 and 1269 are tools with double plane surfaces at certain angles with each other. 
Of these there are a variety, having their planes at different angles, to suit the various salient and 
retreating angles that occur in mouldings. Fig. 1263 is a sleeker for the impressions of beads, and 
Fig. 1269 serves to smooth flat snr£sces generally. All these have small studs attached to them 
which serve for handles. 

Besides these tools, shovels are used for working the sand, sieves and riddles for refining it, and 
bellows for blowing off loose sand from mouldings ; pots for holding the parting sand and the water 
used in moulding, swabs for applying this water to the mouldings, being simply tufts of tow brought to 
a point, and separate linen bags of peasemeal and blaokening, through the texture of which these 
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materials are shaken on the sand* There are also pieroers or prickers, as they are termed, bein^ 
pieces of thick iron wire sharpened at one end to a point, for piercing the send to let off air« 
and steeples and ohaplets, pieces of iron of yarions shapes, to support cores or other parts of tha 
mould. Moulders' nails are used for the same purpose, and range from 2 in. to 6 in. long in the 
shank, with flat heads of various shapes and diameters; a circular head f in. diametery and one 
shaped like a parallelogram 2f in. by 1| in. being 
common extremes. The heads of these nails are 
often made on a curve, or concave, to adapt them 
for supporting ciroular pieces. 

The art of moulding may be divided into two 
Rreat divisions ; sand moulding and loam mould- 
mg. In the first, patterns of the articles wanted 
are employed in forming the mould ; in the second, 
the ordinarv patterns are dispensed with, the ob- 
jects of this division being neavy castings of a 
regular form ; as cylindrical bodies generally, and 
other circular ware, such as sugar pans and gas 
retorts. 

Large square vessels, water tanks, for example, 
may also be made by a process oi loam moulding. 
Dry-sand moulding is generally employed for the 
making of pipes, columns, shafts, and other long 
bodies of cylindrical form. It is firmer, and bettor 
adapted to purposes of this kind than green sand. 
The material of dry sand is the loam already used 
in loam moulding, called pit sand, mixed in the mill 
with an addition of rock sand. It is named dry 
sand, in oontradistinction to green sand, because, 
after being moulded, it must be dried by heat to 
fit it for the purpose, whereas the latter is employed 
as it comes from its native bed, new and damp ; 
the dampness, indeed, is assisted afterwards when 
necessary, as a certain degree of it is always requi- 
site; but it must not be wet, or approach that 
condition. 

The operations of gieen-sand moulding are 
generally recognized under two great classes, hollow 

moulding and fiat moulding. The former includes pots, frying-pans, and every other kind of cooking 
ware, of a light, dished form. The latter class is very extensive, and is so termed in opposition to 
hollow moulding, It includes all objects of a flat nature, plate-moulded guods, the various parts of 
grate furniture, and other ornamental work generally, stoves, smoothing irons, all kinds of machinery 
that do not fall under the head of loam or drv-sand moulding, for instance, all the cast-iron work of 
spinning and loom machinery. In fact, a kind of subdivision exists, known as job moulding, a 
homely term, including machine^ry generally and the heavier kind of work, distiug^hing them 
from the ornamental and other lighter work. A steam engine affords in the parts of it examples of 
the three kinds of moulding. The steam cylinder and air pump which are round, and the condenser 
which is often square, are instances of loam castings ; the flywheel, shaft, and the single columns 
supporting the framing, are examples of dry-sand casting, and the beam, if a Oomish engine, bed 
plate, and connecting rod, if of cast iron, are referable to &e heavier green-sand casting. 

The front of an old-fiiahioi^ed register grate is a familiar instance of light, flat moulding. Ito 
construction is that of two jambs joined at the top by a cross piece. On the back, or inner nirfaoe, 
it is quite fiat, and is ordinarily ornamented on the face with raised figures of flowers, or the likci. 
A box is selected that will receive the pattern, and have a few inches to spare, that the pattern may 
be completely surrounded with sand. The pattern is then laid down, eimer on the surface of the 
sand, prepared in the upper box, and which is then termed the fal^e part, which is lying inverted 
on the ground, or on a nat board of sufficient size to support it in all parts. In either case the 
pattern is laid down on ito back. There is next thrown over it a layer of fine sand an inch deep, 
constituting the facing of the moulding. It is passed through a sieve to detein the coarser parts. 
Then upon the board, or upper box, the drag-box is placed in ito proper position in respect to the 
pattern. 

It is necessary to spread the feeing of sand before laying down the box, as its ribs prevent the 
equal distribution of sand. An additional quantity of the common sand is passed through a riddle, 
which saves the small stones and other refuse in the sand, and the whole is now nunmed dbwn by 
the flat rammer as equally as possible. The box is again filled up with sand and rammed all over 
wiUi the round-faced instrument. When the sand is properly set and squared flush with the surface 
of the drag-box, the whole is turned over, avoiding sudden shocks of any kind, which tend to loosen 
the sand, and well bedded on the ground with the drag-box undermost. The upper box, or ti^e 
board, as it may happen to be used, is lifted off, and the temporary bed of sand in it is destroyed. 
The upper surfaces in the drag-box, and of the pattern imbedded in it, are cleaned and smoothed 
by the trowel, so that the surftkio of the sand is made flush with that of the pattern all round, and 
also meets the edges of the box. This forms the parting, or place of separation of the sand in the 
two boxes ; and that they mav afterwards separate properly, dry sea-sand is freely sprinkled over 
the parting surface, and has the effect of preventing the adhesion of the lower layer of sand to that 
which is superimposed, by entering and drying its pores. The upper box, which, when made up 
the second time, is called the cope, is now laid on the other, guided by the pina, and both are 
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faitened together by the hooloi. la bringing them together their meeting snifiioee ought to be 
okftred of aand, ao as to make them bear freely and steadily. Preparations are now made for the 
oonstriiction of the gates, or passages for the iron from the external sorfaoe into the mould. In 
the motdding of a register grate front there are usually four gates, into which the iron is poured 
simultaneously. 

To provide for the gates to the moulding, four taper pins of wood are stuck in the sand of the 
lower box, at a short d^tanoe from the pattern, projecting upward between the ribs of the upper box. 
Sand is, as before, thrown into this box, covering the flat side of the pattern, and is rammed between 
the ribs until the box is filled flush with itself. The pins are now withdrawn, and the holes farmed 
by them are widened at the top into bell-mouths, to receive the iron more rapidly, and are well 
smoothed there to prevent the metal carrying in with it any loose sand. The upper box is now 
taken off with care, to preserve the impression of the upper side of the pattern, and the edges of the 
moulding of the box in contact with the pattern, are wetted witli the swab to make the sand at 
these comers the firmer, and to prevent crumblinG; on withdrawing the patterns. The moulder has to 
repair damages by adjusting disjointed parts, and making up fractures by the addition of sand. The 
blackening has now to be applied, and it must be by some means pressed down upon the mould 
at every part, and made to aclhere to its surface. To effect this, peasemeal is used. It is first dusted 
thinly over the surface of the mould. It rapidly absorbs the damp of the surface sand, and is con- 
verted into a pasty matter. The blackening is next dusted over the newly formed paste, and over 
all, the patteni is placed in its position and pressed down. Thus the blackening is made as smooth 
as the pattern, and is at the same time held well down to the sand. Channels are now scooped 
out of the surface of the sand, joining the gate holes to tlie moulding ; and if the pattern be thin, 
each channel is widened as it joins the moidd, to afford a sufficient mlet for the uon. They are 
■lightly swabbed round the mouth to strengthen the edges against the abrasive action of the iron. 

Having finished the moulding, and got it in order for the reception of the iron, the upper box 
is finally put on the under one in its place, and fiutened down upon it. All is now ready for the 
pouring of the iron. 

Before dismissing the subject of light moulding, one other example may be described, intro- 
duoiug the use of three boxes for a momding. The instance referred to is the moulding of the oast- 
iron bushes, which are fixed into the naves of the wheels of waggons and other vehicles, to sustain 
the wear of the axle. 

Fig. 1273 is an ordinary bush for cart-wheels. The dotted lines show the form of the interior, 
which is a tapered hole. At the middle of the length, a chamber is formed in the bush so as to 
surround the axle, its object is to contain the grease for lubrication. These bushes are always 
oast in pairs, and the cores for them are oast-iron pins, having the form of the axles for which 
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they are intended. These pins, which serve for many successive castings, are turned and polished 
in the lathe, for the purpose of communicating a smooth surface to the interior of the bushes, 
by which the expense is avoided of boring them out, which would be necessary were sand cores 
employed. 

The pattern of the bush. Fig. 1275, is solid, and has, in addition, a core-print on each end to 
steady the core. Fig. 1276 shows the core extended at the ends in correspondence with the prints. 
Bound the middle of its length a thickness of sandals wrapped, to form the grease chamber in the 
bush. This part is made of sand, so as to be separable, and thus allow the core pin to be driven 
out of the bush when cast. . 

The box in which the bushes are cast consists, as already mentioned, of three parts. The length 
of the middle part is made the same as that of the bushes, between the small end and the tope of 
the feathers. The parts are octagonal in plan, as in Figs. 1274 and 1278, where A is the top, B 
middle, G bottom. 

In proceeding to mould the pattern, a flat board is laid down level, with two holes in it at a 
suitable distance from each other. Upon this board a pair of bush patterns aj?e set down on their 
small ends, the points passing through the holes in the board to keep the pattern steady. The box 
B is inverted, laid down over them and filled with sand, which is nunmed about the patterns 
level with the tops of the feathers on them. The box G is now fixed on and rammed with sand. 
Fig. 1277 is a sectional view of the boxes and their contents at this stage of the prooesik 

The two boxeti together are inverted and set down, the box A is fixed on the uncovered end of 
B, and it likewise is rammed fiush with sand. Two holes are next pierced downwards in the sand 
with the handle of the rammer, one on each side of the patterns. One of them extends just through 
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the box A, and the other rraohes down tolbo box C. A and Bwe lifted togettieroffO.uid tiini«d 
ovei; the pattema looBened by tapping are next drawn out. A and B are then iepotsted. Two 
prepared oore ping are next set, aa vertically aa powibte, Into the recevea left by tfae printi in tlie 
twad of the lowest box ; on the lorfiioe of the Mod, at eaoh end of the box B, channela are cat 
Joining tbe gate holes, made by tlia ranuner to the two mouidings, in guch a manner that the short 

fte will be oonnected with the npper end, and the long gate with the under end of the moaldinga. 
IB lowered over the cores and flied to C, being direeted by long eaide pini at the aide. A ia 
next replaced, guided alao bj pina and fixed to B. It mntrt be plaoed with owe, aa the upper coda 
of the cores are at the same time entering the reoenea made bj the printa, and thoa the inrea are 
•eonred between the boxed A and C. 

Fig. 1279 ia an external view of the moulding aa tbna flniabed, with the interior anangementa 
in dotted liuea. Fig. 1278 ia a view of the upper and nnder eods of the middle box, ahowing the 
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eale channels. The Iron ia poured Into the long gate, falUop againri the bottom of It, the fom at 
the iron ia brtdron. and it nuu gently into the mouldinga, rudng within them till they are filled, 
when it paaaea into the abort flow gate, aa it ia termed, from which it isinea, carrying off the refoae 
it may haTs gaUiered in ita paseage. Blaokeniog ia not applied to these monldtt as their ronghuMS 
is of DO conaeqaence. 

The gatea Ibr any casting, aa we hare said, an a matter for particular caie. In the langnage of 
the alM^is, all the paaaages leading the floid metal Into the mould ane called galea, each trf' which, 
however, has its own peculiar name, hence the large opening into which tlio metal is first poured ia 
termed the pouring gate. The reoeM below, or in oonneotion with the pouring gale, for skimming 
the Iron, ia termed a skinuning gate ; the little pnsiages from the ikimming gate to the monld are 
Bpne gates, usually sprnee coily: and those openings by whioh the supply of iron is kept up 
•her the casting ia poured, are called feeding gates. 

The form, wze, number, and proper arrangement of either or all of tbeae, have a decided effect 
upon the aoundnees and oleanneas of the casting (o which they appertain, and should be arnuiged 
M to alie and position with especial reference to the die, slwpe, and charaoler of the work in 

The distinct objecti of hollow moulding are comparatiToly few Id number and small in dimeo- 
alons : there are moulding boxes for tham, mdividuidly of oorreepoDding stupe, generally manage- 
able by one person. Boxes in two, three, or four parts are employed as the necessitieB of the c*ae 
■nay require. Take, (br example, the moulding of a three-legged pot. Figs. 1280 to 1283. The body 
of It Is nearly apheiieal, drawn in at the nech and opening towards the brim. It has two ears at the 
neck, by which it is mored about when iu nse, and three feet on the bottom. The pattern is aa 
esaot model of the pot, being in two halves separating verticBlly. The patterns of the feet and ean 





•re also loose on the body of the pattern, fitting to it by pin& To form an original paltem, tfaa 
Dlan usually adopted is that of mnulding in loam. The rough cast pattern is chucked in the turning 
lathe, and tnmed witliin and without to the required form and thicknen ; fonr longitudinal rews^ 
Hoall holes are bored through the pattern, at equal distances round it, by which ita thickneea at 
any part may be always ascertained. Having been smoothed and polished, the pattern is taken 
tttXD the ohuok, and cut in two equal halves, in which holes are bored in the proper positions for 
reowving the pins of the e«ra and feet. The pattern is moulded in a box, ocmauting a Ibur patria, 
the top A, the two oheeki B 0, and the bottom D. The divlsian into parti is the same aa that of 
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the monliIInK box for azlo bnalies, sapposiiig; tlia middle pert dirided Terttcellj in tiro, coire- 
Bponding with tiie ctieeka B 0. TLe pettem being moaldal in bd inverted position, the top A is 
made to enclose the bottom of the pot, aa for Dp &s its lergetrt diameter; the cheeks B and C 
enclose the remaining portion of the pot, and tlie bottom D sorrea to close ap the moutli of it. 

The two cheeks are first laid down on a level board and linked together ; the pattern ig then 
laid down on its brim wittiin the oheeks, being raised off the tnard by a slip of wood, of snch a 
thickness aa to bring the largest diameter of Ibe pot to the level of Uie npper edges of the cheeks. 
The patteroi of the ears are attached, and eand is rammed in round the pattern, flush with the 
eheeka, making the parting surface on the centre of the pot. The sur&ce having been Bprinkled 
with parting sand, tJie top A is put on, led into its place by guide pins and fastened to the 
cheeks. Hvid is again rammed in to the level of the mouth of the pot, (he patterns of the feel and 
the gate pin being aet in their places in the coane of the ramJniog of the eand. Fig. 1280. The 
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The surface of sand round the 



of tlie p«tteni it piereed in several plooes with a pricker sent down to the patleni, forming tberelyjt 
nbaonek ot eaeape for tlie air expelled by the metal intnciooed. The whole ia Soslly inverted, D 
IjriDK nppeTTDoat, and placed on a flat board with a hole ia it to allow the escape of Uie air. The 
•aadoDlaide the pattern is sometimea pricked, though this is but of little importance. 

The part A is now separated and lifted off, carrying the feet and pin with it. The oheekl B 
we next separated horizontallj. taking the ears with them; and the half-pattema are withdrawn 
from the oore. The external and inti^^nsJ moulds thus exposed are sleeked up with appropriate 
looU, and blackening u dusted on them, and also sleeked up. The patterns of the feet ancl eaca, 
and the gate pin are drawn out, the boxes B are replaced exactly as before, and the box A above 
tbem, the whole being again bound together. The moutl> of the gate ia next formed and smootlicd. 
The apace occnpied by the pattern ii now vacant for the metal. Fig. 1*282 is an external view, and 
Fig. 1283 a section ut the box and moulding. In the section ate shown the parting sorfiMet, and 
the slope of the nnder one. 

All dished utensils are caat with their months downwards, and, in some case* tbe area of the 
the largest diameter, as to render it necessary to bind down 
a Ijiog so far in below the oore, it tends by upward pressure 
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to lift tbe core off frmu its base. This binding is effi;cted by burying an iron rod iu the core, 
haTJng on it a cross at the end to give it a bold of tbe sand, the outer end bping locked to a trans- 
Terse piece which bears on tbe edged of the box. 

Tbe metoJ requires to be at a high temperature for hollow moulding; fur go quickly does it cool, 
that the brim of a moderato-size pot sets even before tbe monld ia filled. While yet red hot the 
casting is taken out of tbe sand, and the gate piece knocked off at a oortain stage of the cooling, as 
when this is done too soon the gate does not break clearly oS', and when delayed too long, it often 
carries off a piece of tbe bottom of tbe pot with it. With a view to provide against thia, the pot 
is made oonaiderably thicker at the centre of the bottom. Flat gates are firmed for flut-bottoined 
ware, frying-pans for example. They are wide at the mouth to receive the iron the better, but 
taper like a wedge toward the monldine, so as to be ee«ily separated from tbe casting. By being of 
ccnuiderable extent, flat gates conduct the metal more speedily to the different parts of the mould. 

A great imprDTement was effected in tbia class of moulding by the arrangements introduced and 
employed by J. Jobson, bcfote referred to at p. IMO of thia Dictionary. 

For heavy ereen-sanJ moulding, powdered coal ia introduced into the sand, in a state of simple 

mixture, to aasiat the blackening in resisling the penetrating actinu of the iron. The proportionmg 

of the mixlnre is a matter requiring oonaidereUe Judgment, ami to obtuin the brat roault tbe 

' ingredienta should be miiod, not otd;^ in such proportiona as are suited to the body of the metal to 

be cast, but alio as uniformly as possible. 

For large costinga, the bed of sand which forms the floor of the foundry ia oommouly used for 
oonstructing the nuiulds, serving thereby the purpose of the drag-box. The chief defect entailed 
by this meuiod, which is indispensable in come cases, is tliat the moalder has to work in a very 
DDcomfortabla position. 

Fig. 1281 is an external view of tbe bed-plate, showing tbe upper surfaoe, of an early form of 
high-preaauie engine, by no meaoa a form to be imitated, bat merely given here for illuetmtion. 
It was ananged to maintain six colomtis, snrmonnted byan eutablature. At one end, b, a flat form 
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for supporting the oriinder is cast across the plate, stiffened by a deep flange at the ed^ The 
position of the cylinder is indicated by the dotted circle. When the cylinder was set in its plflioe, 
the fwertures c c formed oontinuationB of the exhaust steam pasaageSf they were joined into one 
short branch pipe below the platform ; d is a cirenlar passage mr the introduction of the steam into 
the valve chest It is pi^ojeoted downwards to the level of the mouth of the eduction pipe, both 
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passages terminating in one large flange, by which the respective pipes leading to them are 
connected. 

Fig. 1286 is a plan of part of the bed plate, indadiug the steam-ways, showing in dotted lines the 
exhaust passage and the flftnee. Fig. 1287 is a vertical section of the plate and uie exhaust passage 
at the line a' 6', Fig. 1286. The steam passage also is dotted in behind it. Fig. 1288 is another 
vertical section of the same, at the line e e. Fig. 1286, showing in section both of the passages c<L 

Fig. 1289 is a plan of another portion of the plate, showing 
the foundation for a column ; Fig. 1290 being a vertical section 
of the same at the line a" i/\ Fig. 1289. It thus appears that the 
bed plate is hollow within, and it possesses the form of section, 
Fig. 1287 all round, interrupted only by the sockets for the feet 
of the columns. It is a general practice in founding, to dispose 
of the moulding so that those parts of the casting towards 
which the greater quantity of metol exists, may be undermost. 
In this way greater security is found for the soundness of castings 
at the more importont parts. 

Now the bed plate is, for the most part, entirely open on the 
under side, as may be seen on referring to section, Fiff. 1287 ; 
and this is particularly the case in modem examples. It ought 
therefore to oe oast with that side uppermost, according to the 
preceding stetement 

The pattern of the bed plate, of the same form externally, is 
not made open like the bed on the under snr&ce. Neither are 
the oblong bluik spaces, shown in the sides, executed in the 
pattern ; ito cross section at every point is a four-sided figuro. r==|=ji 
This form of pattern in the sand will, of oourse, leave a plain ^ 

open space of the same breadth as itself. Gores of sand, of the 
form of tiie internal void, must therefore be introduced into the 
moulding to complete the figure of the casting. Fig. 1291 ex- i2»i, 

hibito the under side of tlie pattern. At a the patterns of the 
steam-wavs are placed. They are not fixed to the surfiooe on which they stand, but are simply 

Ereventea from shifting laterally by small pins or snugs. They are made solid, so that they too, 
ke the plate itself, require to be cored out, and accordingly the printo for securing the cores 
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in their positions are added to the patterns of the flange, which itself is attached loosely to the 
pipe patterns. On the opposite side of the main pattern, printo are likewise fastened, to receive 
the cores fur the column sockete, Fig. 1290, and to the snugs « s, to oore out the holes in them. 
A level bed in the sand upon the floor, of suiBotent extent, is in the flrst place prepared for tlie 
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pattern, which ii then aet 6am upon it and well b«di]«d in it* pbee. Band is fiaOua laid in and 
nunmnl about the patient on all sidea. till it be broDKbt up flush with the upper side, fonniiig 
tbereby the parting surface, on which the parting sand is strewed. 

The ueit stwe is to la; the upper box or boxes orer the pattert), and to fix them in tbeir placea 
b; ttakee oF wood driven into the floor, which also serre as gnidea to replace them aoculately when 
momd. If there !■ not a dngle box Isirge enouKh to cmbnuM the whole of the pattern, two oi mora 
■mailer boxes are placed end to end over it, reatiag npoa the sand external to the moalding, and 
answolng tbe pnrpoae of a aiiigle box. The rammtng of theee is oondacted in the nsua] manner, 
exo«>t at the end a. 

As tbe platfonn or cylinder pUte is now on the nnder aide of the pnttern, tbe body of sand filling 
the space immediately above it, to the tevel of the npper side, most be lifted oat to get tbe pattern 
removed. At the wme time, the weight oT aneh a deep body of eand adhering to that tn tbe over- 
lying box, wonld overcome the santTs ooharion, it would neak away altogether. As the bos li 
tiierefore incapable of carrying it with it, it beoomei naceasary to have thia load of aind supported 
by independent nuvna. 

An iron frame is cast in open sand of the same form as the sunk apaoe. but somewhat imBlleT, 
as allowance for the contraction of the casting, in tbe ooune of cooling, must be nude to allow the 
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plate to be withdrawn, after the casting is executed. In eaaea where this precaution baa not been 
snffloienUy attended to, the jamming of the plate, enclosed on more than one side, has been the 
natural reenlt, and sometimes the drstmotion of the outing by oonsequent fiactnre. In the centre 
of the frame, a sufficient opening is allowed tor the steam-ways. This frame is laid in the 
bottom of the reccsB, and as its under surfaoe now faces the monlding, it mart be enveloped on that 
side in the aaod. to protect it from the immediate action of Iha mital, afterwards poored into the 
mould. To asaiat its adheeion, the frame or plate is stnddod on the nnder aide with nnmeroua 
tooth-lilce projections, wliioh are imbedded in tlic sand applied. Sand is now thrown in above tbe 
plate Bnrn>undiQg the stpnm-waya and well rammed, its parting surface being made flush with the 
upper edges of &e pattern of the pipe flange in the centre, nnd of the contigoona body of sand ■ 
formiog the interior part of the mooldinK, their parting bting just over the stiffening flange of the ,. 
ovlindHt bottom. With this preparation the upper boxes are set down and filled. A-4 

There are prepared six monlding gates to tlie monldinK, and eight flow ^tea Of the pouring Vi 
gates, or thoee by which the monliung ia filled, two are pTsoed along each side, abont 4 IL distant, 
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and two at the cylinder end of the moulding, while none aie made at the other end. This vneqnal 
diviflion Ib necessary on account of the heavier nature of the moulding at the cylinder end ; 
the design of the whole being to have the moulding filled uniformly. The flow gates are dis- 
tributed equally over the moulding. These will be again referred to. 

Before lifting off the upper boxes, the pattern being now completely moulded, the latter is so 
lar loosened in the sand, that this may not stick to it, and so spoil the operation. 

After the box is removed, the plate and its overlying core of sand, as it may be termed, deposited 
at the recess of the cylinder end of the pattern, are lifted out of their situations by arms rising 
through the core, carrying with them the pattern of the steam-w^s, which is at liberty to go, for, 
as we have already noticed, it stands loose on the main pattern. That pattern itself is not in one 
piece : the flange, which is separate, is lifted off towards tbe upper side of the core, and the remainder 
of Uie pattern is drawn out b^ the under side. 

The parts of the mould, m the neighbourhood of the pattern, must now be pierced with small 
holes, executed by wires traversing the whole body of sand, with a view of rendering the moulding 
more porous, and of facilitating hereby the escape of the air and other gases ; the mould is also 
watered along the edges to increase the coherence of the sand. 

The pattern itself is taken out by lifting it in all its parts at once, by pins secured into it at 
several places, so as to be raised in a truly vertical position. This manoeuvre is performed by sevoal 
men. Unavoidable degradations in one or other of the two parts of the mould do occur, and these 
the workman repairs with damp sand by means of his trowel. 

The moulding is next smoothed over the surface by the trowel, and a sprinkling of charcoal ia 
then applied. It is, however, omitted for very large castings. Sometimes also, in order to avoid 
using too much charcoal, the surfaces are lightly dusted over with sand finely pulverized, through 
a bag. The moulding is now ready for the reception of the cores. 

There are,«first, the cores for the column sockets, of which there are six ; then the cores for the 
intermediate portions of the bed plate, of which also there are six, there being two on each side 
between the socket cores, and one at each end ; again two cores, for the holding down bott-holes in 
the snugd at the bases of the columns, as well as for the holes that may be required for tbe bolting 
down of pedestals, and the like, to the bed. For all these there are simple prints sprigged upon the 
pattern at the proper places, the impressions of which in the sand serve to hold the cores securely. 

As we have already remarked, the cores must be made not only of the exact size and shape of 
the vacancies in a casting, whether partial or thorough, which they are intended to form ; 
allowance must also be made on them for the core prints when they are necessary. This allowance 
then is provided in the cores for the column sockets, for which there are prints on the under side of 
the pattern. These sockets go through the bed, and are square in the body and round at each end. 
Figs. 1289 and 1290, and Fig. 1292, which is a plan of the moulding, showing the cores in their 
places. Fig. 1293 is a longitudinal section, taken through the steam-wava In both figures /// 
» the sand of the floor, in which the moulding is formed, oonstitutine the interior as well as the 
exterior of it ; bh are the cores of the column sockets, seen in dotted lines in the section ; e, d 
are the cores for the steam-ways which in Fig. 1293 are seen projecting in the sand, and below 
fllling the recesses made for them by the prints. Figs. 1286 to 1288 explain the shape of them. 
They are formed in boxes, which open in two for the purpose of extracting them. These, with 
all the other small cores, are dried upon hot plates, heated by stoves. At a and ee, the cores 
are shown, forming Uie spaces in the moulding intended to be vacant Near the under side of 
each, in Fig. 1293, are tbe plates, indicated by dark lines, which sustain the cores. The whole, 
however, must be sustained by the bottom of the moulding, leaving a space of required thick- 
ness of the casting. This is effected by placing chaplets there ; these are simply strips of sheet 
iron of small lengths but with double knees, thus [. If the depth of these be just the thickness of 
the metal, then by placing several of them along the bed of the moulding, they support the cores 
placed over them, keeping the space clear for the metal ; these chaplets will be imbedded in the 
casting, where they are allowed to remain. The dnuble-knee cores at both ends of the moulding. 
Fig. 1292, are put togeUier, each in three pieces. In constructing the cores e tf, plain square 
bodies of sand, of the dimensions of the interior of the casting, are in toe first place formed in boxes 
of the same size, including at the same time iron frames enveloped in the cores. The small oores 
that are necessary to the oblong openings in the sides of the casting, are simply attached in their 
proper positions to the sides of the main oores e e. They are formed and fixed by applying upon 
the larger core an open box of the form required, into which the sand is packed, thus causing it to 
adhere to the main core ; when the box is filled, the sand is squared off by a straight edge fiush 
with the surface of it All the other smaller cores having been made and set in their pluses, the 
moulding is finally closed, the upper box being replaced, as seen in section • i. 

When convenient, two or more gates are connected to one central reservoir, all built on the 
Burfi&ce of the sand. Gates at considerable distances from others are usually supplied separately 
with iron from hand ladles. The other gates that are connected are supplied by crane ladles, 
which are conveyed by cranes from the cupola to the moulding. The flow gates, while the metal 
is being poured, are plugged with clay balls, to keep down the air in the moulding. These plugs 
are drawn out when the moulding is filled and the iron fiows up. It is thus judged whether the 
casting is complete. 

When the metal is poured, the feeders are immediately applied at the flow gates. These are 
rods of iron which are plunged into the liquid iron, and wrought up and down in it. By tliis 
agitative process, the liquidity of the iron aoout the gates is of longer duration than otherwise 
maintained. It is therefore enabled to supply itself with additional iron from the flow gates. 

Amongst the gn^eat variety of work denominated green-sand moulding, much and varied con- 
trivance is displayed in the structure of the moulda In particular, the management of cores is a 
matter of very considerable importance, and the malformation of them is a prolific source of failure 
in the production of sound castings. 



FOUNTINa. 



S41 

a moob used in CMting the spboricaJ ahot 



At Woolwich a modiSed rorm of plate mooldlog n 
Mid Bbell, in the follovint; manoeT ; — 

A round hole is made in a flat planed plate ot iron abont 2 in. in IhickneBa. A solid ball is 
nused througli this apcrtnre, of oorresponding diameter with the hole, nntil exactlj a half of it oan 
be Been. The lower fla«k ia then put on to the plate, and tbe aand nunmed in ; a lever is tlien 
taken anaj, and the ball at once falls by ite own weight; the lower flask ia renuiTed. and the 
upper put on the plate. The tame opeiation ia goao throagh with this also. 

Tbe corea for filling up the oentro of abell are vcr; correctly Dtade, and in very little time, at 
Woolwich. A lever opens and shuts the halves nf tbe core mould, so tliat the plan sometimes 
reaorted to of shaking and knocking the core mould is entirely done away with. 

Shells of the modem form are moulded in a somewhat simitar way, but in a flash resembling 
Fig. 1274. caie beiog taken to get good sound melsl by panriag in the iron while liquid into small 
hand ladles, each or wliicb has ainnged over it a teoeptaole into which all soom risee; when 
required, the filled Indies are removed 
^m under these receptacles, and tbe 
eleau metal poured from them into the 
moulds, the melal from the receptacles, 
amounting to at least 25 per oent of that 
employed, being returned to the cupola. 

Figd. 1294 to 1297 illustrate the mould- 
ing of a common sheave, aod also a manner 
of constrnctiog peltema, when certain por- 
tions of a pattern enveloped in the sand, 
project horizontally bevoud other parts 
vrbtoh are above them. Tbe ciroumferenoe, 
it will be observed, is grooved out semi- 
eircularly at a, and a hole o is made 
through the oeutj«. The object it now, to 
mouldf the pattern in such a manner as 
tbat the portion of sand forming tbe 
groove a a, may be left in its place when 
tbe pattern is drawn ont, Tljc pattern. 
Fig. 1295, must be formed in two halves, 
separated by the plane a' passing to the 
centre of the groove. These halves are 
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the box. The ring of sand c c' « is, in the next place, rammed abont the pattern, filling tho groove, 
and its upper parting surfaoe e c is brought from the upper rim. Again, tbe upper box is placed 
on the other, and also SJled. 

The nunning being now completed, and the gale pin set. the box dd is lifted off. carrying with 
it the impression of the npper aide of the pattern. Tbe upper half of tlie pattern being &ee, is 



lifted away, and the box dd replaced. The whole ia now inverted, and the box bh is lifted off, 
thus permitting tbe remaining part of the pattern to be removed, which being done, and tbe 
moulcling blackened and smoothed, and the core oset in, the box is replaced, and tbe two are finally 
rainvert^ The annular core cde \a never lifted from its situation during the process, and when 
the two boxes are linked together, it is wedged in on every side, aud thus sJl puaeibiiity uf sbiftiug 
is removed. 

When there may not be facilitiea for turning the patterns of pulleys of largo diameter, tho 
grooves are cored out in Uio moulding. For this purpose a core priiit running round the paltcm is 
provided in the making, as in Fig. 1297, wbioh is a section of a riia of a wheel sunpodod to be made 
with arms. The print is indioaUd by the doited lines, aud a core of tbe spclional furm fij h Is con- 
stmctcd in a core box for tbe purpose. As there are only two boxes for tbe mouliliDg, the pattern 
is mostly imbedded in tbe under one, the parting being formed on a Jovol with tbe core pKiil at /. 
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It is not Decoseary Ibat the core be nil one pjeee; it m»]r, for otrnTcnienM, be tbrmed in aeretal 
Bcginenls. 

A fluted pipe U anotbRf exnniple. Tbe core or intenor of the pipe follows in fonn the exterior 
■nrbcp, tbe object being to make tbe pipe ss ligbt aa possible, otherwise a raand core might hate 
bcon BubstilDtfd. 

CoDudering a cross sectjon of tbe pipe pattern, three main divisioTU would soffice fin a pattern 
baTiog a plain exterior. If the fftit«s are deep, inbdiTiuons are necessary to render tbe monlding 
of it pracUi^bte. For tbe angles immediately 

adjoining tbe parting overhang, and therefore lt». 

if the pettcpis wen; dniwn verlieally out of the 
Band, they mnat break away the intervening 
portioDB of Band. Such parts of the pntlem ■>' 
require to be removed laterallf, and for this 
parpose, each lialf is made in three divisions, 
dovetailed to one another, allowing the smaller 
pieces to slide off (he larger. Tbe core box 
IS, like tite pattern, parted in two. On the 
top of the upper half a loose piece, the length 
oF tbe box, Ig provided, which being removed, the sand for the rtxe may be introdDced by the 
opening. 

The pattern having been monlJbd in the nsual maimer, one-half in each box, the middle piece 
of each half is first drawn out, when the smaller pieces may next be removed laterally to make way 

Uq tbiB priociplo of construction, in similar ciroumstanceB, patterns are geneiallj made. 
Fitting strips, for exiimple, when applied to tbe vertical face of a pattern, below tbe Burfaee of the 
moulding, ore attached to it by sliEling dovetnila Core prinls are very often placed in such 
eircuniBtanecs, and. instead of b«ing dovetailed to the pattern, ore ourieil quite down to the plate^ 
which ii moulded in an inverted poaition ; these oontinnations clear uie way For tbe print* 
tbemBelvcs, as the latter would otbervise break the moulding. After the cores are introdnced, 
these toinnorary vacuncies are filled up with tlie aid of emooth strips of wood, and the fignie of 
the moolding reatored. In genoial, core prints on vertical Faces of patterns, are carried up to the 
parting surfu'e, with liie view of making their own passage, which is afterwards closed over tbe core. 

A panelled octagon column or pout presents a more complicated strnrture than the fluted 
pipe, nnd to render il workable in tlie Band, the panels are. each bj itselF, made Bopareble from 
the body of the pattern, being attached to it by screw nails which are driven from the inside. Tbe 
pattern is divided into two principal lialves. When it is moulded, the paoela, of which there are 
four to eoeb half, are fllfd on. when the ports of tho boi are separated, oxpo«ing each a half 
interior of (he pattern, the screws are returned and withdrawn, tljus leaving the frame of the 

Rttem at liberty from the panels. It is next lilled out, and these being disengaged from the sand 
tapping, are likewise taken ont in ordtT. In this way, a complete external moulding of the 
column is Formed. The core,, construe ted apon a stout bar, is next inserted, and the box doted 

Of the use of phites in moulding, an example hag already been given in Figs. 12S1 to 1233. A 
ilifferent application will nnw be described in relation to the moulding of a lathe bed. Fig. 1298 
is an end view of tho bed ; n a are the upper sliding surFaces overluinging tbe sides; these are 
connrctod and sliffcnud at several parts by deep flanges joining (hem. The surfaces a a, as tbsy 
are the most important parts of the bed, are, according to tbe general rule, moulded undermost 
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e attached by loose pins to 
..__ , _ __._.., . ledpoeilion, thoroughly on 

tho floor, which ia levelled and smoothed all about it. Plates b b, extending the whole length of 
the pattern, are set along both sides of it an inch or so apart, to support the sand exterior to tbe 
pattern. A series oF email rods, cither of wood or iron, ore placed on each plate. ThoBO rods over- 
hang it on the fiido next tho pattern, from which, however, they must be at some distance. In this 
way the rods lorm a projecting platform, by which tbe sand lliat woald overhang the plate is 
BUBtaiiicd. If of wuod, tbe rods are dipped in clay water, that they may adhere to the sanil. Tbe 
moulding is nude np with sand, flush witli the pattern within end witboat. The parting is formed 
and eoicrcd in by the upper box as usual, which being lifted off, and the pattern having been 
looseneil, it is drawn out, leaving the loose pieces a ii imbedded in (he three maases of sand n » o. 
The mnssea n n, renting on the plates, are rnised and moved aside by handles which are cast upon 
tlio plates and project upwards. The pieces a a beinK thus relieved, are edged out From below the 
Band o, and rcmuved ; n « are replaced as before, guided by conical projections from tho plates, and 
the moulding is covcrwi by Ihe upper lox. 

PlaloB are also rmpli>jed in the moulds of bcvil-whoel patlema. For lifting the bodies of sand 
sunk bolwoeii the arnis. Frcqucnlly, ton, in miscellaneous oases, whore considerabte depths oF 
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sand oocur in the apper part of the moald, alipe of wood are planted venioallv- in the masses, 
reaching npwards between the ribe of the upper box^ their object being to bind the whole body of 
Band the more firmly together. 

Dry-sand moulding embnices, generally, the manufacture of pipes, columns, shafts, and other 
long bodies of a cylin£ical form, or approaching to it ; the fint is most important, for cast-imn pipes 
are extensively used to convey water, eas, or air for various technical purposes. Dry sand acquires 
a very firm and open consistence by the expulsion of its humidity by heat, and it is found to be 
much better adapted to the purposes above-mentioned than green sand. 

The mechanical part of the process of moulding in dry sand is the same as in the case of green- 
sand work. In general, no coal powder is mixed. When the mouldings are finished, they are 
transferred to drying stoves, in which thev are exposed twelve hours or upwards, as occasion 
requires, to the action of a strong heat till their humidity is banished. 

When the castings are large, and especiallv if they are tall, the hydrostatic pressure of the metal 
upon the sides of the mould is counteracted, both by firmness of the sand aud by the wedge-shape 
form of the boxes. To aid the retdstanoe, the sides are feathered along the outside, Affording addi- 
tional abutting surface for the sand. 

Fig. 1300 is a side view of one-half of a moulding box for pipes, the other half, Fig. 1301, being 
an exact counterpart In cross section it has paniJlel sides, except for heavy castings, when a 
wedge-shaped box is employed. , It is formed with flanges along the sides, wnich meet thoee of 



1300. 



ja ^^ 



.ax. 



^ 



rxi 



^ 



B 



1 



- -fii_ 



ft 



1301. 



the other box. By meaus of these flanges the two halves are bound together by glands. A pair 
of swivels is attached to the ends of each box, by which they are raised and inverted as occasion 
requires. Another pair is usually fixed on the middle of the sides, upon which, when the boxes are 
hung, they may turn in a directioa perpendicular to the preceding, that they may be set vertically 
at their destined position, which is commonly in a pit dug to receive them. 

Pipe moulds are always either set upright on one end, or laid in a position very considerably 
inclined, on a bed of sand prepared for the boxes at an angle of 30^ or 40^. When practicable, the 
larger sizes of pipe moulds are placed in a vertical position, as well as all other comparatively tall 
articles ; the general object being to raise all the slag that collects on the surface of tne iron, while 
being poured, clear of tne cast into the gate-way, securing therebv soundness to the cast. 
. In the constructing of pipe moulds, as well as the moulds of all other large hollow articles, it it 
necessary that the core be made both rigid and porous. Both of these objects are aocomplished by 
employing a tube of iron, forming the centre of the core, and perforated at regular distances for the 
escape of the air. For the smallest sizes of cores, common gas-pipes are used, with holes drilled in 
them at about 9 in. distance, on alternate sides. Wrought-iron tubes of a larger size are employed 
for larger pipes ; and for the largest sizes cast-iron pipes are adopted, with rows of oblong holes cut 
at equal distances for ventilation. These cast-iron core bars, the general appellation for all the 
varieties enumerated, have wrought-iron double knees, fitted and bolted to Uieir extremities, for 
the purpose of sustaining journal or bearings, upon which they may be turned on their own axes. 
The hollow ends of the wrought-iron pipes are formed square to receive a winch, by which they olsp 
may be made to turn upon themselves. 

Again, a core bar for a pipe of any given inside diameter is selected 2 or 3 in. less in diameter, 
with the view of providing for hay-rope and loam, by which the core is mode up to the necessary 
thickness. The loam, which forms the external coat of the oore, is made as open as practicable by 
augmenting the usual proportion of sharp sand in its composition. The hay, also, which is simply 
twisted into ropes to facilitate its application to the core, fulfils the important office of a conducting 
medium for the air forced through the loam, leading it from all parts of the surface to the vent- 
holes in the core bar. The method of applying the hay and the loam is simple. The core bar is 
rested by its pivots on two iron tresses, the upper edges of which are formed with corresponding 
semicircular or triangular bearings, to receive the pivots. Thus placed, the core bar is caused to 
revolve by a crank luindle applied at one extremity, during which operation the rope is led on 
regularly along the bar from end to end, and fastened there. It must be tightly done, as any 
slackness in the rope will permit it to yield when subjected to the pressure of the iron, which has the 
effect, at least, of altering the form of the pipe, if, as in some cases, it does not breakup the core and 
spoil the casting. Before finishing the core with loam, the hay receives a slight coating of it all 
over, as a cement to smooth down the surface. This being dried, for the succeeding application of 
the loam, a loam board is necessary. This is a board of sufficient length to rest upon the tresses 
which support the core. Along this board \a laid the loam intended to form the oore. The edge of 
the board is cut exactly to the form of the core, being indeed a half skeleton reversed. This board 
being set alongside the bar, and weighted down at the extremities, at a distance of the half diameter 
of the pipe from the centre, it is evident that,* as the core bar revolves and the loam is pushed over 
upon it, there will ultimately be formed a coating of loam completely enveloping the coat of hay, 
wnich shall also possess the figure of the core. 

2 T 2 
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In this maimer the oofe ia fonned. Via. 1302 to 1310 Olosttate the prooeaB. Fig. 1802 ia m 
loDgitodinal sectkm of a pipe, in which the exterior and interior onUinee are reprosentod. The 
dotted lines at each end indicate the additions necessary in the pattern as core punts. Fig. 1303 
represents the core as fonned upon the bar, the core being prolonged to be supported in Its bearings 
formed by the pattern, though it matters not if it shocdd w longer than neoessaiy. Fig. 1306 repre- 
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1303. 

sents the core bar with its pi?ots at the ends, and the vent holes scattered over its surface. 
Fig. 1305 shows the loam board employed in oonstmcting the core of the pipe. It will be obserred to 
follow the outline of the core. Fig. 1304, in like manner, represents the loam board that would be 
required to form the pipe itself. Fig. 1302, were there no wood pattern of it In sooh a case 
an additional coat of loam is run by means of it upon the core. In setting the board, the parts a a. 
Fig. 1304, will apply to the same parts a a. Fig. 1303, which, in so fiar, serre for a gauge. The 
misplacing of them Ib to be guarded against, as there is not the same security for their being 
correctly placed. Before receiving, however, the additional thickness, the core must be washed 
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over the surface with charcoal and water, that the thickness may be easily separable afterwards, 
and also thoroughly dried in the stove. In the meantime, having finished and dried the loam 
pattern, it receives in like manner a wash with charcoal water, and is ready to be moulded. This 
oeiog done in the usual manner, the thickness is peeled off, and the naked core replaced in the 
mould. To aid the stiffness of the core, steeples or moulders' nails are planted here and there 
over the snrface of the mould, which resist any undue tendency of the core on one side or another. 
Fig. 1307 is a cross section of the body of the core. There are three concentric plies, the inmost, 
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which is the core bar, with several vent holes in section, and the cross-knee at the end ; the next 
the hay, and the external coat is the loam. Fig. 1309 is a sketch of one of the iron tresses used in 
the work. 

All wood patterns of pipes are constructed in two halves, which have two or more pins in 
the one, entering corresponding recesses in the other, to prevent their shifting when put together and 
moulded. In proceeding to mould a pipe, a laying-down bofU!d is usually employed, which is 
simply a strai|[ht piece of wood as long and as wide as the moulding box. Upon this board one 
hall of the pipe is laid with the flat side down, the box is placed over it, and rammed ; the 
whole is inverted and the board lifted off. The remaining half of the pipe is set upon the imbedded 
half, and the upper box over it, and linked to the under one; the upper box being rammed, the 
patterns are loosened, as we have elsewhere described, and longitudinally also bv blows upon 
the ends. The boxes being parted, the patterns removed, and tiie moulding blaokwaahed with 
blackening, the core is set in and tlie box closed. Small pipes, when there are several to be cast, 
are usually moulded in pairs in one box, when green sand is employed as a moulding material. The 
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metal is poured m at one entr^Doe, whioh bnnohea to Mch monlding ; ihoTtlf aftei nbich atie&nu 
of kqueoua Taponr mixed with hydrogen and other gnsea, arisicg &0111 the itaporfoct rombnation of 
the charcoal and hay, aro expelled from the extremities of the core barB, Bomctimn reeolvicK them- 
aeUea into Ituninoos jeta. Soon after the met^ Ib poured, the casting are tnnied oat to cool ; after 
which the oot« bars are drawn from tliom, which is a oompanitirel; r»sj task, M the haj has been 
for the moet part conaumod, and of coune oocupiee lew balk, hoag murow rods of iron are next 
introduced, <nith screpers formed on the ends ol them, and they ue drawn fiom eod to end to clear 
the interior of the pipe of the remains of the core. 

la the mordding of the Tarious lengths of pipe that are required for tise, one pattern is made to 
answer. Pipe patterns are generally mode 9 ft. iotg, of which an appropriate Domber of lengths are 
oast when more than 9 fL of piping is required. But shorter lengths also are frequently wanted, 
when, of cootse, the fnll length of the pattern wonld not be proper. The mooldiiig therefore is ont 




to the repaired length : in technical langnage, the paltem is out In the sand. In si 
preparation is necessary to form a new bearing fur the core. For this purpoae, tv 
pieces of wood, of the diameters of the mnald and the core respectively, are sprigged togother end 
to end. as in Fig, 1308 : and by placing the larger piece in the mould m each box at corrceponding 
parts, and ramming fresh ssnd aboat the former, the bearing will be formed. In liko manner, if 
the pieco of pipe terminate in a Qange, the flange having been moulded ia its plooe. a half flange of 
the same dimensions, with a half core-print on it, as at Fig. 1310, is set into the mould, and the 
bearings for the core made up. Small perpendicular hmnches required to be made upon pipes are 
cast either horizontally or vertically, as best may suit the form of the box. In the latter cftse, 
the branch patterti Is set loose upon the pipe, projecting upnards between the ribs of the box, 
and, having been moatded, it is drawn out, and its core set m npon the pipe core, and the whole 

In amngemetits of pipe works there is nsnally a number of knees or bends in their constmo- 
tioD. Then heuds are DrdiDully oast separate from the straight portions of pipe, having facets 
upon them bj which they ma^ be afterwards joined to the pipes. Fig. 1311 is a toagitudiaal 
section of a square knt-e in a line of pipes, aboniug the method of jouction by spigot and facet. 
The term spigot. It may bo as well to observe, is applied to the small eemicircnlar ring npon Uib 
plain end of a pipe, as may bo soen in Fig. 1302 ', facet denominates the cap month on the other 
end for receiving the spigot. There are naually patterns and core boxes for pipe bends of the usual 
square knee shape, in which case they are moulded in green ssnd. In the ahsenoe of patterns, 
however, for these and for other varieties of short piping, Ihey are swept up in loam, the core within 
the thickness. 

In this proceea, the first point is to have a level iron plata aet, upon which the work ia to be 
done. Like patterns, the loam work is to be formed in two halves. The ooree are executed in 
the first place, and, when dried, the thicknesses formiDg the exterior of the casting are next laid 




Fig. 1313 represents the gauge usually employed in forming amaU pipe work. As elready said, 
, work is done in separate helves, for which purpose semicircular cuts are made in the gauge, 
which one is smaller than the other, beine respeoUvely the measures of the core, and of the 



of which one is smaller than the other, being respeoUvely the 

additional thickness. „ , , , . . , , 

For example, suppose a bend. Fig. 1311, is to be conatnioled. a small square rod of iron la bent to 

the form of the knee, against and along the ada of which the gauge is moved. A quantity of loam 
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being hud on the plate in the line of the pipe to be formed, the gauge in its progreflB fashioning Uie loam 
to its own form. When the two half cores are in this manner swept np, they are well dried and 
blackwashed, after which the gauge is inverted, and additional loam being laid on for thickness, it 
is likewise shaped to the form of the pipe. The junction of the body of the pipe and facet, which 
are of different diameters, and of course require different sweeps, is scraped out by a file when the 
loam is dried ; the head on the end of the facet is either formed by a pattern applied to the 
moulding, or cut out of the oope. 

The loam pattern being thus completed in two halves, dried and blackened, it ia bound together 
at two or three places by iron wire, and bedded half into a sufficient quantity of old loam mixed 
with water and laid over the iron plate. The boundary of the loam is built up with fragmenta 
of cake loam. The bed being smoothed off on each side and dried, a layer of the same watered 
loam is applied to cover in the upper half of the pattern. As this upper layer has afterwards to be 
lifted whole, it requires to be strengthened by the addition of irons. With this view, pieces of rod 
iron, accommodated to the form of the moulding, are laid on among the wet loam transversely and 
longitudinally, and bound together by wires at the angles, constituting a kind of skeleton frame- 
work. Fie. 1314, for the cope, as it is termed, or upper structure. The irons are then covered in 
with old Toaro, which is smoothed over them, and the whole is for the last time thoroughly dried. 

The building of the work being now completed, the next step is to undo it to clear out the thick- 
ness. The cope is lifted off carefully, leaving the rest of the work behind it, and this complete sepa- 
ration of the parts is one object for which the blackening and charcoal water is applied. In the same 
way the pattern ia lifted out from the bed of the mouldmg. The thickness is easily broken off the 
core, leaving the latter entire ; the halves of which are next bound by wire, and replaced in the mould, 
stayed by b^arinn at the ends, and by steeples intermediately. The cope is r^laced, g^ded to its 
former situation by intentional irreg^ularities on l^e junction surface, and is bound by wires laying 
hold of the skeleton, to the under plate. The gate is formed in the usual manner by a pin stock in 
the cope while being formed. 

For some small pipes, such as bends, which are uniformly circular, circular iron plates are 
frequently made to the same centre on both sides, so that when the cores are swept up on tnem, th^ 
lie concentric with each other. The edges of the plate will therefore serve for guides in the making 
of the core. For this purpose the gau^ are mthde as in Fig. 1312, having a piece of wood nailed 
on and projecting downwards. Bv sliding this gauge along the interior or exterior edge, as it may 
be adapted for them, the pipe is formed as before. The manner of moulding and casting columns 
of every variety, and other long hollow work, ia essentiidly the same as that now described fat 
pipes. 

Caat iron, bronze, or steel guns are moulded in the way just described. Patterns of wood axe not 
often employed, as it is worth while to construct iron patterns, which, when turned and poliahed in iba 
lathe, always preserve their figure and turn out gooa moulds. 

As it is desirable to have these iron patterns aa light as possible, consistent with the straining to 
which they may be subjected, they are made hollow throughout. It is then the business of the 
moulder, in the first place, to form a hay-and-loam pattern in a manner similar to that in which pipe 
patterns of loam are made. 

As it is of great importance to seeure solidity to gun-castings, they are made without bore, and 
with an additional length on the muzzle end, which is provided for in the pattern. When the mould 
is formed and set on end in readiness for being cast, the metal is poured into it, ilowly at flrvt» 
increasing in flow as the mould is filled to the top, which is left open. Into this additional portion, 
then, all the sullage rises that is collected during the course of the pouring, leaving the body of the 
gun-casting generally in a pure state. The moulding sand adheres very finnly to the casting, and 
requires to be knocked off by hammer and chisel afterwards in the course of dressing. 

Guna were formerly nearly all cast, and their manufacture formed a large feature in the mould- 
ing business ; the introduction of built-up wrought-iron guns has, however, changed all this, and 
ordnance is not cast as it used to be. 
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Figs. 1315 to 1318 illuHtrate the use of cores and core prints. Fig. 1315 is supposed to be a 
coupling for shafting of a cylindrical form, 12 in. deep by 8 in. diameter outside ana 4 in. inaide. 
A pattern. Fig. 1316, of the same size is constructed, and two prints, D and E, are put on in the 
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proper poBitiona to Bapport the ooro ; this la made of Band in a box, Fig. 1317, which is simp); two 
thick pieces of wood, a and b, held together by wooden ping. Square onrea are formed by two Blips 
of wood, a Bod b. Fig. 131S, of Ihe reijuired thiclmeas, and kept apart at the ende by two pieces, 
c d, formiDK, bj fliliug the apaces within with sand, the core required, thus, by mean a of diatiuot 
cnice formed by boica, holes and receuea of every kind are made id caatinga, if they are not already 
formed in t lie patleni. 

Everv piece of lunm mmilding, of any cnnHldorable extent, is a regularly hiiilt atructuro, being 
compiiaed of iiricka. arranged in layeni, and bedded in luam. La which (huy are ilIm entirely enve- 
loped, particularly on those aiites cfinti^uoaa to tlie muuld. 

For all varietiea of circular bodies, or such as mny be dencribed round one axia, a wooden board 
it cat on one «t^o to the exuct form of the object. bi*ing. in fact, a half slitleton of its ontlinc. If 
the body be coreiiout,B board must also be provided, cut to tliu form of the inlerior space. Aoentral 
apinille is erected, which ie to nprpsent the centre of the body to be moulded ; to this Spindle 
one or more arms are screwed, provided with glandit, by which the loum board, as it ia termed, 
ia set at the proper radial diatunre from the oentre, anit lirmly fixed to it. 

Large iron pans used in soda, HUgar, and other chemical numuroi'tiires, ore amongst the most 
fatniliar exampleB of loam moulding, and instrnclive q>eciraena of this kind of work. 

Fig. 1319 ia a generol view of a mould for a eommon-abaped Bu;j;ai pan. The pan ia moulded 
and cast in an inverted position, similar to the Irish pots already dencribod. A caat-icou ring a' o*. 
Fig. 1323, ia levelled upon hlocka, which raise it off the floor of the foundry, and is placed oon- 
oentric with a spindle b', which stands opright, being placed at the under end in a ooat-irou alep 
sunk in the floor, and stayed at the upper end in a bush on the end of a bracket c', which 




projeott from the wall and tuma horisontally upon pivots The spindle thug stayed la free to 
move round in both directions To prevent the bracket from moving on its pivots it is linked 
by the extremity to the wall A forked arm d a fixed upon the spindle by an eve at one end 
tigbteaed by a pinchmg aerew Between the branches of this arm the loam board e is Bit, and 
fixed by glands in Ihe required poellion. 

Fig. 1320 represents the outlines to which loam boards are cut; obo is the figure of the interior 
anrfaoe of the pan, b d lieing the axis. A board r is, in the flrat place, out to tlie bemi-outline of 
the interior ; and farther, has an additional check o, which turns out a corresponding knee in the 
mould, the object of whicli ie to anpport the overlying part of the mould on its horizontal surface, and 
to act afterwards, by ita vertical surface, sb a guide in replacing the mould. Another board /, is in 
the BBioe way out to the external flgiiro of the pan, with a check precisely similar to the one in the 
board*, and thus it will act as a guide in aetling the second board. 




Fig. 1321 is a vertical section of the work in the first stage of Its progress Upon the ring n a a 
kind of dome ia, in the lirst place, built of bricka and loam, gtnetslly aome 4 in Ihitk The 
moulder ie guided in the construction of this dome by tlit interior loam board sualaiueil by the 
spindle. The external surface ought to bo everywhere about 2 in. dialant from the aurfaoe described 
by tlio board ec. Before biiililiut; up the dome to the cronn, conia are placed in the floor within it, 
which are afternardB kindled fur drying the work, Tlio crown is then nearly completed, leaving 
only a smnll sjiace round the spir.dic, t« iillow of ventilation when the crniouEitioii ia going on. 
By this eperturu the moulder is enabled to mnuago liia fire, so us to check its progreaa, if ueoes- 
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sary. The oonsmnption ought to be very slow, so as to allow of the heat taking effect npon the 
entire maes. 

Over the brick dome a pasty layer of core loam 0*0' is applied; for it is in fact the core that is 
now being formed. The snrfiekoe is nnished off by a smoothing coating of wet loam, the redundancies 
all over the surface being swept off by the board in its rcTolntion. Upon this surfiice the inside 
of the pan is cast. The fire is now 
kindled, and as the sarface of the 
mould becomes dr^, it is painted 
oyer by a brush with a mixture of 
water and charcoal powder, with a 
little clay additional. This operation 
preyents adhesion between the sur- 
faces of the core and the coat of 
loam applied to it. 

The core board having been re- 
moyed, it is replaced, as in Fig. 1322, 
by the thickness board /, Fig. 1320, 
of which the edge describes the 
external surface of the pan, and, ns 
already remarked, simply rubs 
against the knee formed round the 
base of the core. Another layer of 
loam a" a" is then spread oyer the 
core, and is rounded off properly by 
the Doard similarly to the core itself. 
When well dried it is blackwashed, 
as was done to the core. The up- ^• 
right spindle is now remoyed, leaving 
the small yent-hole through which it 
passed to promote the complete com- 
bustion of the coal. There is now laid horizontally upon the ears of the platform cT d*. Fig. 1322, 
another platform similar to the former, but sufficiently large to pass over the moulding already 
executed. A new layer of loam, 2 in. thick, is laid over the thickness and smoothed by hano. 
Then, upon the second platform, a brick vault is constructed as before, of which the inner surface 
applies to the new coat of loam. This contracts a strong adherence with the bricks, which absorb 
a part of its moisture, while the coat of point prevents its adhesion to the thickn^ The brick 
and loam covering are named the cope. 

The whole mass must now be thoroughly baked by the continuance of the fire. Stoves are 
preferred to internal fires where they are large enough to receive the work. 

Oast-iron bars may be substituted for the brick forming the cope. These irons must have the 
curved form of the dome to which they apply, being arranged so as to converge towards the crown. 
They are simply run off in open sand, when required, with snugs cast upon them, by which the 
cope may be lifted off. They are bedded in the external coat of loam, which is smoothed over Uiem, 
and bound togeUierby wires and bands of hoop-iron. 

The next step is to lift off the cope, which is done with the assistance of a crane. This being 
effected, access is had to the interior, and the thickness is easily broken away without any injury 
to the mould ; this thidmess forming, in fact, the pattern of the pan, it is evident that when the 
cope LB replaced exactly, which it may be by the guidance of the knee before described, there will 
be a space within to be filled with metal ; this space is the true form of the pan. Before replacing 
the cope, the vent aperture in the core is filled up and smoothed over, though the one in the cope is 
left open to serve afterwards as' a gate for the reception of the metal. 

The cope being reset, and clamped firmly to the core by double knees and wedges, embracing 
the rings, the whole is remoyed to the pit in which it is sunk, and rammed up tightly with sand by 
iron rammers, which are managed by half-apdozen or more men, who walk r^pilarlv round the 
moulds, keeping time with their rammers, and dealing heavy and light blows alternately, while one 
or two workmen above, shovel in additional sand as required. Fig. 1319 is a yertical section of the 
pit, showing Uie manner in which it is arranged. A space sufficiently deep is first cleared out, and 
across the 1x)ttom a passage a* a* is cut, and overlaid with plates, having only an open part in the 
centre which connects it with the interior space in the mould. Two pipes c 2, c/ are next laid in 
against the sides of the pit, communicating with the channel a* a*. When the mould is lowered 
into its position in the centre as indicatea, and the sand rammed about it in the way already 
described, an oblong, shallow, trough-like cavity e is formed in the snr&ce of the sand, one end of 
which opens into the gate hole of the mould, which is dosed by a pin while the ramming is pro- 
ceeded witlu 

The channel a* a* and the pipes fulfil the purpose of venting the air confined in the hoUow 
space, together with what is forced through the substance of the core, when the metal is poured, 
ifow, as a large quantity of inflammable ^ is driven off, its union with the atmospheric air in the 
chambers below forms a dangerous explosive mixture, which, rushing out of the openings I /, might 
be inflamed by accident, and, if not prevented, would blow up the whole work with irreeifitiDle 
force. To prevent such an occurrence, the vents are stopped at / / with plugs of straw or mill 
waste, or simply covered with pieces of fine wire sieve, the gas passing through these before being 
exposed to any accidental inflammation, security from explosdon is rendered certain, as flame cannot 
pass through their interstices. 

When the metal has been poured, and has well set, the casting is cleared out as quickly as 
possible, as, on account of the contraction it undergoes, it is apt to gain upon the core. Confined 
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coree are always broken ttp as soon after oasting as may be, especially when their form is oalcnlated 
to resist great oompreasive force. 

When the object to be moulded presents more complicated forms than the one now chosen for 
the sake of illustration, it is always by analogous processes that the workman constructs his loam 
moulds, but his sanity must hit upon modes of executing many things which at first sight appear 
to be scarcely possible. Thus, when the forms of the interior and exterior do not permit Uie moulds 
to be separated in two pieces, it is dirided into several, which are nicely fitted with adjusting pins. 
More than two cast-iron rings or platforms are sometimes necessary. When ovals or angular 
surfaces are to be traced instead of those of rcTolution, no upright spindle is employed, but wooden 
or cast-iron guides made on purpose, along which the pattern cut-out board is slid according to the 
drawing of the piece. In addition to bridEwork, iron wires or claws are often interspersed through 
the work to increase its adhesion. When parts of a mould are higher than that portion immediately 
under the gate, flow gates are usually adapted to such parts, by which they may be relieved of the 
impurities that would be apt to lodge there. Such a case is that of a flattish bottomed boiler of 
which the bottom is hollow externally. 

Fig. 1324 is a side elevation of a large steam cylinder; Fig. 1825 is a sectional elevation; 
Fig. 1326 represents a horizontal section taken through the centre of the exhaust steam passage ; 
a a are the steam passages to the cylinder, 6 b the exhaust passage, all uniting in the face x; dia 
the outlet from the passage bb. 

It is to be noted that the body of the cylinder is round, while the base or bottom flange eeia 
square, and the face fxf, containing the steam-ways, is supplementary to the main part, as also 
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tiie stiffening feathers for strengthening the base. For these parts, then, patterns in wood are 
made adapted to fit the loam work. Figs. 1328 and 1329 are front and side views of the pattern of 
the part //, having core prints ccc, for the usual purpose of steadying the cores. 

As the upper £inge of a cylinder, such as the one now described, lb generally smaller than the 
under one, and more exposed to view, the cylinder is usually cast in an inverted position, to have 
the former flange solid. According to the method now most generally adopted for moulding 
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cylinders, the cope or external outline is formed in the flrst place by an interior loam board out to 
the form on the outer edge. Thus, the cope is first constructed, after which it is removed, and on 
the same centre, the core or interior outline is formed by an external loam board cut on the inner 
edge. If the cope be replaced concentric with the core, they will include between them a vacant 
space, being the exact figure of the cylinder. Fig. 1327 represents the two first stages of the work ; 



oonoentric with tho apiodle 6', and levelled off tlie ground npon blockB. To tbearm d, projecting 
from the Bpladlo, the loam board d Ib Sled by Kkndi embracing Ivo anna oaileJ apon iL Tbia 
bo9rd ia cut to rorm tbe bearing e of brick and loun for the cofe^ Uie bearing setisg aJaci bj iU 
iloping edge ta a guard ia closing the mould. 

Its upptr Biirfuce now formi the lower side of the cylinder flange. The board ia then altered u 
shown at /on the oppoaita aide, so as to fonn the flange i, wbieb ia made aimplj of loam. Thiaia 
the second stage of the work, and tbe flanES muat be dried like the bearing before it, to prepare fbr 
the Quit stage. It is neceaaary to form the flange singly, to be an additional bearing upon which 
the euperetruclore ia founded. If it were cut at oooe ont of the cope, tbe orerbangiDg loam mnat 
gire way. 

Tbe arm c'is now shifted up along the spindle safflcientljlilgh for the next operation represeDled 
at Fig. 1330. A loam board d is cut to tbe form of that part of tho cylinder iocladed between the 
extreme flaogea, these, themaelvea, aa we have stated, being made of loam and wood. The board 




includea tbe exterior outline of the cironlsr exhaust passage; and, when set in motiou, it touchea 
the flange at the bottom, and a horizontal piece ) projects from it to the top, to sweep a flat surface 
on the cope, npon which the square flange ia to be laid. The arm o* ia aaaisted in holding the boaid 
bj two pieces of iron at the bottom, screwed together upon the apindle and the board, the cope ting 
h having been laid down npon the core ring da', aurrounding the bearing e, with a little space 
between them. The steam-wa; pattern, Figa. 1328 and 1329, is set in its place in aa inveTted 
position resting ou tbe flange i. Its precise position wiU be ascertained by t}ie loam board, which 
ouf-bt to touch it when it pasaes round. The building is comnienccd upon the cope ring ; and 
having been raised npon the flange ■', another ring A is bedded on the building, lying near into the 
loam board, with a segment cut out of it sufficient to clear t)>e ateam-way patterns on both Eide» 
Upon this ring the bnilding is continued till near the under side of the eiliauat passage ; at which 
place a similar ring p' ia bedded on the atractme. overhanging it sufficiently to sustain tbe building 
round the passage, at which place it is greater in diameter. Having built up the height of the 
passage indicated by the board, a layer of loam on the to|i is awept flush with the upper aide of tbe 
projeatiOD, by means of a stick nailed on the board. Thia forms a parting surface. After btack- 
waabing tbe surface, a third ring in, with proJL-ctiug snugs on its rim, is laid over it, being faced, 
however, with a layer of loam to protect It from the melted iron. The building is oontinuwl upon 
this plate till it reaches the top, when it is anooncded by another plate n, of a square external form, 
and somewhat larger than the square base plate of the casting immediately over it. The building 
is flnally carried up to the horizonlal piece /, which stnootiis off tbe upper surface with loam. 

It will be remembered that the monld is, on one side, cnt longitudinally throughont by the 

Eottem of the steam-waya. On that tiilo therefore it has to be completed ; this obj^ is attained 
y providing a cast-iron plate, done in open sand, fltting generully the interior of the pattem, and 
having Ihiee openings, through which tbe core prints are passed when the plate is applied. It ia 
daubed all over the mncr face with stiff loam, and being set up in its place, the loam receives the 
imprrsaion of the face of the pattern. lastly, the eqoaro flunge pattern is laid over tbe whole, 
□pon the bed prepared for it, preceiiod by the four stiffening flanges, and ia aurroonded with 
additional lonm, flush with its upper side, to furm a Ircaring for the top plate. 

The whole mould from the bottom is liFted by the snugs on the cope ring A, off the core ring 
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npca which the two Ujren ; and i are left. It U conveyed'to a mffiuientlf Uige di;^iig «toT« to be 
tboninghlT dried. 

Moulding the ooraui an operation comparativelj eaa;, as it ia a aiinple cylinder of brick and loam. 
As the loam flange ■ haa (brmad ita impraaginn on the intericir mnuld nndet the plate t, ft ia of no 
further nae, and ia therefore broken awa;', leaving the bearing clean to receive the core, as the 
right aide of Fig. 1330 ; o i« the loam board in its pmper position for working, having ita inner 
edge aet patallel to the Bpindle, and to the diameter ot tbe cylinder required, and simply flsed to 
the ami at the top. A cylinder of brickwork p ia Qrat built np, being everywhere an inoh or ao 
clear of the boaiti. A coat of Inam is next laid on aa naual, to fill up tbe clearanoe and complete. 
tbe oore. The board and the spindle being removed, tbe work is lifted away to the alove, on the 
core ring a'a', by the anuKa upon its rim. 

Tbe amaller corea, which am to form the steam panoges, are for the supply pasaages a a, and 
the exhaust paaaage b. The two former being of the same sliape, may be totraed from one core box, 
aeen in plan and aection, Piga. 1334, 1335, for such kinds of cores are usually formed on three sides, 
and open on the fourth side to admit the material, which ia shaped off on tbis aide, by the edge of 
a piece of wood cat to tbe contour of tbe core, and drawn along upon the aides of the cote box as 



Gidet. The oore for the exhanst passage is partly circular, and partly otherwiao at tbe ends. 
formation is thus more complicated. It ia made in three parti ; the centre part annular to 
embrace tbe cylinder, and formed by a Inam board, and the lerminationa made in core boxes, and 
fitted to tbe other. Fig, 1333 is a vertical view of tbe method of making the annular core. It is 
built upon a portable Bqnaro table convenient for small cironlar work generally, as it may be con- 
veyed to the slave without the neccaslty of shifting the oontre. The spindle turns by a conical 
pivot on its nnder end, moving in a socket, which is tbe only staying it requires. A block a" a" is 
Snt prepared, being a plain built ring of which the exterior ia smoothed with loam, and is made 
exactly to the intenor diameter of the oore and to the same depth. The core, seen in aeotion at I/", 
ia run upon the outside of the block to the necessary thioknesa, in tbe course of which two wrought- 
frcai angular rods aie imbedded in the core to impart their thickness to it. At b' ia shown tbe 
valve-face portion of the core, of which x' is tbe box, in section, for making it. The round oore for 
the abort, rtraight passage d, Fi^. 1331. is made of loem, being run up on a short iron centre. 

In the making of these small cores, as in those of green aand, it is ncoeesary thai they be 
strengthened with iron rods bent to tbetr form, so as to pass through the heart of them, and QiUshed 
with eyes at their onUr extremities, for locking to the face plate, Anopen paasage running thiough 
each core is formed, as in green-aand corea. by laying pieces of cord along the iron*. These passages 
are of great importance, as upon them depends the escape, through the openings in the boa plate, 
of the otherwise conQneil air existing in the mould, while tbe metal ia being rnn. The too cicee 
proximity of these passages, at any point, to the surface of the cores must be well goarded 

Fig. 1332 is a side view in section of the mode of placing and fixing the cores for (he steam- 
ways to the cylinder; gq ii the face plate lined with stiff loam, which retains the impression of the 
stcam-wav pattern : gg are the two cores, the nearer ends of which are passed through the openings 
mode in the plate for them, and fixed there by small rods passed through the eyes of the stiffening 
irons. The ends are made with shoaldors which bear upon the upper side of the plate, Fig. 183^ 
which may be nndctstood from the form of the prints in Pig. 1829. The horiionlal parte of the 
cores are supported at their proper distance off the loam won benc«tfa them, by steeples or nails 
stock into it 
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The tnonld and the oorea having bean well dried, they a 
BBiy, and fiaiahed with & ant of coal [lowder. 

Fig. 1331 Ib a Tcrtical section of tlie wbole mould, ahovrtiiK all the partg fitted to 
as to contain amonc tbemaelveE the vac&nt space, indicated by a white ground, into which tho 
'.. T%e mnin ooie pp ia lowered upon ita rings, mm w' * ' '" ' 



metal is delirered. 



n which it 



. _. , , ... , „ , ir aaparated, 

into a pit dug in the floor of the fomidr;. The eibanet-paHWKe oore ia next deposited in its exact 
position in it« pUce on the top of the lower fut of the oope, being nutained in the usual manner 
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oO (he core b; chaplets made of two pieces of strong hoop iron, riveted on the ends of two itoda, eo 
OS to hate the Docotaar; tliickness of spaas. The lower part of the cope thas furnished is next 
lowered over the main oore, into ita place upon the core nog, thus surrounding the cole, and oou- 
taining with it a epaoe between, oa indiaileu in the figure. Another set of chaplels are deposited 
upon the exhaust core, whiob, by being in contact with the upper half of the cope when placed 
above, prevent the core from floating ofl' ila ee«t when immersed in the flowing metaL 

The upper part of the cope having been let down into its place, (he face plate, with its cores 
fixed to it. Fig. 1332, is let down in front of the vacancy in the aide of the oopo. till it arrives at the 
proper height, when it is set close into its place, and the end of the exhaust core receives b\ through 
the middle opening in the plate, and is secured on the outside by the eye. Tho branch core d is 
then set in and supported on chapleti, and over it a ring or cake of loam m I, seen io section in the 
figure, is placed, being strengthened internally with iron, like the cores. The oake of loam foima 
by its inner surfaoe the outer aurface of the flange. 

The mould being all finished below the top, the pit sand is rammed tightly round it, to enable 
it to withstand the pressure of the metal, air vents being piovided in a manner similar to those for 
the plan already deaoribed. The top plato r r is laid on lastly, holee being provided in it for the 
admission of the metal It ia covered in with sand, through which pasaagee are led up to form the 



to the external surfaoe aa n 



ir gates. 



Chill-easting and the moulds required have been treated at length in the article on Cast Iron, 
p. S21. Fig. 1335a iUostrates the method of applying the chill to a railway wheel. The mould is 
bere contained fay three boxes, the middle box I 1 being a eolid ring of coat iron, whose interior 
jiapea end chills the outer part of the rim of the wheel. 

Where a very largo nomber of small articles, such as door and oofBn fonitore, the ornamental 
nails osed by upholsterers, small working parts of agricultural machines, sewing machines, and 



„n advantages which recommend themaelvos to tlie notice of the meohauician. 

In commenoingtbe operation, a pattern or pettom plate of the article to be cost from is prepared, 
with an allowance for tho thickness, plooed upon a board, aetupon a deep and solid bed of sand. A 
moulding box, about 6 in. larger than the pattern every way, is tlien placed upon the boaid ; the 

Cttom being set fair in the middle, it is rammed up and tumed over another solid bed of send ; the 
lid ia then removed and the parting carefully mode. The top part of the box ia then pot on to 
tho part already rammed up, which la the drag ; the gate pins are put in suitable plaoeo, and thia 
also ia rammid up. 

Tlie two parts are then separated, and a frame of wood, abont ) in. thick and 1} in. brood, is 
placed on the parting, keeping the pattern fair in the middle. The outside of the frame is made 
Dp flnnly with sand, so oa to resist the prossare of the metal ; a piece of iron, the some tbickn«es bb 
the frame, 2 in. broad and abont 4 in. long, is placed on each oomer of the under part of the box 
or drag, BO that when tho top part is placed on it, it will be raised np the thickness of the frame. 
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The frame and patteros are then removed, and the mould \b carefully finished. The top part is 
afterwards placed upon the under part of the box, and the two parts are securely fastened together ; 
the metal is then poured into the mould, and the pattern plate is produced ; this plate is formed with 
four cheeks on it, which are filed and faced to ensure accuracy in the moulding. The pattern plate 
being cast in the manner above described, it is cleaned up and fitted to the moulding boxes, the pins 
and snugs of which and checks in the plate being all fitted exactly to one another. The pattern 
plate may be used singly, that is, it may be turned over with the top part and drag of the moulding 
box, or two plates may be nfiwie, the face impression being taken off one plate, and the back impres- 
sion off a different plate. When two plates are used, each plate must be accurately fitted and 
secured to a frame, which may be constructed of wood or iron, and furnished with guides, cone- 
spending with the pins and snugs of the moulding boxes. The pins of the moulding boxes may 
be either simply faced, or steel fitting straps can be inserted into grooves fonned in them by 
mandrils. 

Another method of preparing what we may term the working plates, when the moulding plate 
is to be made by casting tno patterns upon the face or faces of a plate, is to take a copper or other 
metallic plate, the surface of which has oeen tinned, and mould, in an ordinary sand mould, the half 
patterns of the articles to be cast. The tinned plate being placed in the mould box with the half 
mould upon it, fused tin, or an alloy of tin and lead, is run into the mould. There is thereby pro- 
duced a moulding plate having on one face the half patterns of the articles to be cast, together 
with the necessary gates, the cast patterns and gates adhering firmly to the tinned surface of the 
plate. Half patterns on opposite sides of the plate may be cast simultaneously in a similar way. 
Or instead of casting the ^If pattern simidtaneously on opposite sides of the plate, the half patterns 
cast on one side of me plate, may be used for moulding the half patterns to be cast on the opposite 
side of the plate. By thid means, great accuracy in me positions of the half patterns on opposite 
sides of the plate is obtained. This ingenious method was introduced by Chamberlain and Smith. 

The half patterns cast upon one or on opposite sides of the plate may be made of iron instead of 
tin. In this case, an uncoated iron plate is used, and on this half patterns and gates are cast. After 
the casting process, the plate, with the slightly attached castings upon it, is plunged for a short time 
in a bath of melted tin, the whole becomes coated with tin, and the other patterns are firmly 
attached to the plate. 

1335b. 




Fig. 1335b represents a plan of a moulding plate. The pattern plate is here made with a number 
of half patterns on opposite sides, for moulding a series of gas fittings. The gates of the half 
patterns are marked a, and the core prints of those articles which are to be cored cc. Holes are 
made at the comers of the plate. 

For some articles, such as brass nails, plates with holes in them, for the pattern to go through, 
and also pulled out by means of leverage, are much in vogue. 

The expense incurred in the first place in patterns for plate moulding is rather largo, but so 
much can be done by the plates, of which many duplicates can be in use at the same time, that it 
has come into very general use. 

The mode of producing moulds by employing a plate having a passage through it exactly fitting 
the pattern, has long been practised. The plate is arranged on a table, and covered by a box ; sand 
is rammed around the pattern, which at that time is caused to project up above the surface of the 
plate, and the pattern is subsequently withdrawn, through the hole or passage. In many cases the 
preparation of the plate, just described, is expensive, particularly when small cog-wheels are moulded 
m this manner, as the holes in the plate should fit accurately over the pattern. To remedy this, 
Jobson and Bansome introduced a plan, by which the opening on the plate is formed some- 
what larger than is reouired for the pa&sage of the pattern, and without reference to its peculiar 
contour ; and after waras, when the pattern is in its place, a fusible metal U poured into the space 
between the pattern and tlie plate. 

Moulding is an operation requiring considerable space, and with a view of limiting this as much 
as possible, moulding machines, for work involving much duplication, have been extensively 
employed. In addition, such machines effect neatness and cleanliness in carrying on the work, and 
in a measure obviate the necessity of employing very skilled labour ; while the increase in the rate 
of production affords the most economical results. 

Such a mode as that of Jubson's, described in this Dictionary, p. 1540, is a step in this direction ; 
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pBttern Ufltted with Beam or ooUu U, at Mkoh end of wbicb the portiou from T loX U 
wltb ths i.iU of the patlern, wad the remaiDder eocentrio. The cam U Tf*ts npon the kdjoitable 
bearing T, and the uia of Uie pattern ia guided b; Tertical slots in theendsof the moulding table. 
On (SnsiDg the pattern to rotate, the eooentria porUoa of the cam, aolLngoa the bearing Y, gradually 
ruiiea the pattern till it bears on the point V of the earn, when the pattern is in its biKhestpoeition, 
with ita centre line level with the edgea 8 of the moalding table, as in Fig. 1339. The flaak Z is 
then placed on the Iftble and nmmed np so as to form one half of the mould, and the two foce* B B 



of the table form the parting anrfaoe of the mould, being made fair for this purpose. The fnrtlier 
rotation of the pattern upon the concentric portion of tbe cam from T to X retaias it in oootact 
with the mould, and thus sleeks the mould until on reaching the point X, tlie pattern is gradually 
withdrawn, aa in Fig. 1340 ; the Qask Z may then be removed without danger of injury to Uie 
parting or junction surface, rcadv for closing and casting in the usual manner. 

The lame principle has also been adopted fur making cores or iutemal moulds, by employing a 
core baird made in three portions, two of which are hinged upon the third : the centre spindle is 
fitted with cams of the form above deaoribed, which act upon a V-f)ieoe inserted between the two 
tree edges of the Cora barrel. By turning the oentre spindle the V-pieee is pushed nut or drawn in, 
thereby expanding the core bMrel or eontnioting it aa required ; by this means the use of straw or 
hay in core making is diBpensed with. 



provided, one for part of the boss, and the other the remaining part of the wheel. The pattern for 
mouldingtbowheel is attached to a plate fixed on the top of a hollow mandril, or piaton, which ^de* 
vertically throngh the table, and a hollow cylindrical guide fixed below it. This mandril, with the 
pattern, can he raised or lowered by means of the internal screw, bevel ge«r, and hand wheel, tiie 
height to which it is elevated being regulated by a screwed bar and adjnstable nuts. When the 
mandril ia raised, the pattern, ol a portion of it, paaset through openings mode in a plate which 
forms the bottom of the moulding box, theae openings being an exact counterpart of the profile of 
Uie pattern. The moulding plate is supported above the main table of the machine by short pillars, 
and those part* of it which are cut off from the remainder of the plate by the openings, am supported 
cither by braeketa of a horseshoe shape, or by similar means, so that the vertical traverse of the 
pattern is not interfered with. 

A mould boxor fiaak is placed npon tlie moulding platc.and the pattern raised until it projects 
the proprr distance through the openings in the plate. The sand is then flth'd in and rammed in 
the usual manner, after which the pattvm is lowered by means of the screw and hand wheel leaving 
the finished half mould. The moulding plate gives inch support to the sand that pattema witliont 
draw can be readily moulded, the edges of the mould being kept perfectly sharp. In moulding 
ploaeb wheels, a loose metal oolUir is dropped on the shoulder of the boM ntteni, as in Fig. 1311 ; 
this u left in the mould when the pattern is withdrawn, and a amootb and chilled sorfaoe is thus 
readily obtained. 
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The flask fonning the remainder of the mould is formed in the other part of the machine shown 
on the right in Fig. 1341. This consists merely of a mandril, which is capable of being raised or 
lowered by a lever, fixed upon a horizontal shaft furnished at one end with a hand lever. At the 
upper end of the mandril is the pattern for forming the remaining part of the boss, this rising 
through a moulding plate in the same maimer as the other pattern. 
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The flasks arc kept in their proper position whilst being rammed by lugs, which fall into notches 
made in the edge's of tlie mouldmg plates. Sometimes castings with sunk mnels have to be made, 
the panels being filled with a web thinner than the remainder of the piece. For moulding these the 
patterns, are m^e with openings wherever the sunk panels are to occur, and the moulds shaped by 
giving increased thickness to the moulding plate at those parts. When the pattern has bolt holes 
in it, small stops, carried by brackets from the moulding plate, are arrangea so as to support the 
sand in the bolt holes in the same manner as the moulding plate supports the other parts. The 
moulding plate rests upon pillars fixed to the table of the machine, and it can thus be readily 
removed when it is desired to change the pattern, which can be changed by merely knocking out the 
keys passing through the bolts, which fix the plate to which it is secured to the mandril head. 
Many of the machines are made with special arrangements for removing drawbacks. 
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A moulding machine of most ingenious construction was introduced some years since by R. 
Jobaon. It is shown in Fig. 1342. A A is the moulding table or bed, consisting of a rectangular 
cast-iron box, open at top and bottom, and furnished with a large cylindrical axis B B at each end, 
6 in. diameter, turning in beatings on the side frames G C. The axes are prolonged at the ends, 
and counterbalance weights DD attached to them by arms, which can readily be adjusted by 
lengthening or shortening, so as to balance the table with the mould upon it, leaving it free to turn 
upon the axes. The table turns half round, as shown by the two positions in Figs. 1343 and 1344, 
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being prevented firom turning further by stops, E E, upon the ends of the moulding table, which 
catoh in notches on the top of the frame C. On the top of the table A a pUte F is fixed by screw 
bolts, carrying the moulding box G, which is secured upon it by two inclined catches with handles 
H H, the plate F forming the ramming board upon which the pattern I is fixed, and the moulding 
sand rammed upon it in the ordinary way. The machine is shown as arranged for forming 8-inch 
mortar shells, the pattern I being a hemisphere. 
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As soon as the sand is rammed, the cover plate K is put on the box, by sliding it on the inclined 
snugs which hold it fast ; the whole is then turned over with the moulding table into the reversed 

rition, as in Fig. 1342 ; this being effected bv the simple pressure of pushing home the cover plate 
since the whole is balanced and turns &eely upon the axes. In moulding shells, the pattern I 
is then withdrawn from the mould, sufficiently to make it clear the sand, by means of the screw and 
hand wheel L. A rising platform M, which slides in vertical grooves in the side frames C G, is 
then brought up by means of a lever O, to touch the cover plate of the box which is now at the 
under side, and the box is liberated from the moulding plate by releasing the two catches H H, 
simultaneously, by means of the second handles, fixed on the ouer ends of the spindles fur this 
purpose. The whole is then in the position shown by the dotted lines in Fig. 1342, and the platform 
descends, by means of the additional weight upon it, to the bottom position in Fig. 1342, the platfonn 
being counterpoised by the balance weights P P. The mould is then removed, by sliding it off the 
platform on to a little railway placed at the same level, and the machine is made ready for repeating 
the operation, by screwing down the pattern to its right place, and turning back the moulding table 
to its former position, ready to receive a second empty box. 

' The principle carried out in this machine, of turning over the whole moulding table with the 

mould and pattern upon it undisturbed, has the effect of saving all the labour of lining the moulds. 

Figs. 1345 and 1346 are of an arrangement designed by H. Cochrane for pipe moulding, in 

which a series of mechanical rammers are made to act successively on the sand m the mould box ; 

the first set of rammers being formed with their surfaces to correspond with the pattern to be 

moulded, while the following rammers have their acting sur&ces approaching more and more to 

that of a plane as the filling in of the sand proceeds, the object being to ram the sand equally into 

every part or space of the mould box. A A is the framing of the machine, upon which are placed 

movable tables carrying mould boxes 0, at each end of the frame upright guides D enable the 

sliding blocks E, carrying the rammer frtime F, to move up and down, these guides being tied 

across the top at H ; the rammer frrame F has in this instance four differently formed sets of 

rammers G' G" ; G' being intended to act upon the first charge of sand filled into the mould 

boxes, G" on the second, and so on, the rammer frame being for this purpose raised, and at the 

same time turned a Quarter of a revolution, and then made to descend rapidly. Beneath the sliding 

blocks E are other blocks E', carrying adjusting screws, upon which E rest, and thus serve to 

adjust the exact position of the rammer frame in relation to the mould boxes. The blocks E' are 

connected by links J, to rocking levers K, receiving motion from the rotating cams L, driven in the 

direction of the arrows bv the gearing M, frt>m the mill shaft M' ; they thus raise the sliding blocks 

and rammer frame into the position, Figs. 1345, 1346, when as the cams recede from the levers, the 

rummer box is free to descend by its own gravity. In order to regulate the force with which the 

rammer frrame descends, the levers E are connected by links K to a cylinder O, which moves up 

and down through a collar P, tliis can be tightlv pressed against the cylinder by the bell-crank 

lever Q, worked from the treadle B ; the collar r is usually kept off the cylinder by a spring S 

pressing the treadle upwards. The rammer frame turns freely upon strong pins T, carried by £, 

and provided at one end with four spring rollers, which can be pushed back mto recesses in the end 
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of thefinune, bot which are ordinaiily praased forward by BpringB, so as to project beyond the frame 
F. In the raiaing of the rammer frame, the roller, which for the time being is dtnated centrally, 
comes in contact with the lower end of a stop plate, and the frame F, continuing its upward 
motion, is forced to torn on the pins T until it has attained its highest position, when the rammer 
frame will have performed a quarter of a revolution. The other rollers, in turning with the fiamr, are 
made to slide against an inclined surface formed at the top of the block E, which presses them 
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back, and allows them to pass the projectiBg stop plate in their downward motion. In order to hold 
the frame securely in the correct position after being turned, a spring bolt is made to spring forward 
into an eye formed in the frame, the bolt being retained in a bad^nird position during the ascent 
of the frame, by means of hinged arms connected to the bolt, the ends of which, in the lowest 
position of the blocks E, pass into grooves in the guides, and are made, by the curved form of 
these grooves, to draw the bolt back out of the eye during the first part of the ascent, while the 
upper part of the grooves are formed so as to allow the arms to spring forward with the bolt 

For holding the rammer frame in its raised position while the mouldboxes are beingohanfi;ed, spring 
catches are employed, which project out between the guides D below E', but wnich during the 
opemtion of the rammer frame are withdrawn by means of the lever a, and the connection d\ The 
tables carrv the half-patterns of the pipes to be moulded, which are arranged to be lowered into 
the tables by means of the cams/, actuated bv the worm and worm wheel g. 

While the operation of ramming the mould box on the table B' is going on, another mould box 
is placed on the table B, and filled with sand preparatory to being ranmied in its turn. When the 
ramming is complete its table is moved from under the rammers into the position in dotted lines in 
Fig. 1346, and u is moved under the rammers. For this purpose the tables are provided with 
wheels h running upon rails t, which rest upon the framing A, while the operation of ramming is 
going on, at which time the tables also rest on &e framing A. But when it is desired to shift the 
tables, the rails ii are raised slightly by means of cam surfaces on the two shafts ^ which are 
simultEineously turned somewhat for this purpose by a hand lever and connecting levers m n. By 
this means the tables B B' are both raised slightly off the framing A', and they are then made to 
move into the required positions by means of the pinion o, in gear with the rack p, fixed to the 
tables and driven by means of the shaft q and crank handle, after which the tables are again 
lowered on to the framing, and the ramming of another mould box is proceeded with, while, at the 
same time, the box with prepared mould la removed from the table B' and replaced by an empty 
monld box. 

In the earliest method of making toothed wheels, the teeth were chipped out by hand from the 
solid edge of tiie wheel, upon which they wore set out and shaped to template. Subsequently the 
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fonasd on a wood model of the wtieel, and monlded from this model Mwoidiag to the pUn 

!l moDlding from pattemi thus made iOTolree the neceMitr of haTing & aniante ezpensiia 

Mttern for each wheel that ditfeTB in form and pitch of teelh, aa well aa in diameter. The rosolt 

hai beett a tmI collection of tooth-wheel patterna, to meet the reqoirementi ol ordinal; tnida 

demands ; end this stock has become so coetl;, in the expense of ODtutructioa and of the atongB 

Bpnoc occupied, thiit it has led to an oh- 

jeotiooable limitation in the ran^ of •**•■ 

pitch of whtcla, in order to reduce (he 

extent of the atock of patlema. The 

nse of wooil patterua for entire wheela 

iovolvea further, the practical objection 

of lUbihty to distortion, both in the 

general contour of the nbeel and in 

e«!h luoLi, owing to tlie irregular effecU 

of eipanaion and ooDtrsction in the 

component parts of the pattern, aa well 

oa the unavoidable riak of TBiiatioD in 

the forma and dimenaionB of the sevenil 

teeth, in conaequence of the different 

finish that each receives. The uncer- 
tainty, loo, attouding the drawing of an 

qnwieldy pattern frum its mould, and 

tlie distortion of the pattern that occura 

from ita lying in damp sand for a con- 

Btderable time, are additional obstaclee 

to the manufacture of a toothed wheel 

from the ordinary wood models, wiUi 

the correctness that ia desirable. 

The on Ijf method of overooming these 

difflcultiea is hy employing a small seg- 
ment aa the pattern, and moulding the 

entire toothed circnmferenoo by repeti- 
tion of this small portion ; employing 

mechanical means for lowering and 

raising it, and for spacing out the teeth 

ronnd the circumference of the wheel, 

so as to oblaiu the aame certainty of 

aocuracy throughont, as ia abown by a 

wheel divided and cut in a machine. 

This process was introduced by P. B. 

Jackson, and carri^out «l(h greatest accuracy ; and until the advent of hie most valuable maobine 

it may bo aaid that no really onirect toothed wheela were cast. 

The object of G. L. Scott's wheel-moulding machine, deecrihed at p. 1558 of this Dictionary, 

has been tu extend the application of this process tnp the use of a portable machine, of email aiie and 

eoet, that can be easily applied for moulding atoothed wheel in any part of a foundry. 

Another good machine for wheel muuliling ia that invented hy Wm, Whlttaker, Oldham, of which 

Pigs. 1317 and 134B are a secUon and plan. 

A is a circular framework cast in one piece, B is a circular table, and to this is keyed a dividing 

wheel H, containing 240 teeth, by which the table is revolved, and each revolution is dividtid into 

the number of teeth required in the wheel to be moulded, motion being oummnnicated throngh the 

change wheels O P, fiom the handle N, to the worm C, working in the worm wheel H, both the 

dividing wheel H and worm C bting well protected froni the dnst and grit. D is a turned pillar 

fitted in the socket B, in which it slides up and down to suit the depth of wheel to be made, and 

nipported by llie rack K The pilbir will revolve lo obtain the radiua required, from the centre J 

to the pilch line of the pattern T. P is a horizontal slide, used chiefly In making worm wheels. At 

the end of the slide F is the vertical slide G, for lowering and raising the pattern T to aud from 

the mould. 

Having ascertained the eizcs of wheels to be made, it is necosaary to set them out full site id 

section on a drawing board, in order to got the proper form of strickling board and oore box for the 
arms, II is also neut'esary to draw in full a short segment of rim, showing the proper form and aiie 
of a few cogs. The block or tegment pattern is toade with two toeth only, as with Scott's machine. 
The noit part of the pattern is the strieklkng board. Figs. 1349 and 1350, tlie former for bevel 
and the latter for spur wheels. These hoards are shaped to the eiaot section of the wheels intended 
lo be made, the edge ofrc forming the lower pnrt of the mould, or that part which i« to receive the 
teeth ; and the edged« forms the mould fur the back part of the bevel, or lop aide, of spur wheels, 
or in other words a be form tliat part of the mould made in the bottom moulding box, and de form 
that part of the mould made in the top box; the edges caniteforming the partiog Burfftce for the two 
moulds. The board ia bolted or screwed lo the iron bracket T, through wliich Is bored the hole x, 
to fit on tho Bpindle J, in the centre of the machine. The same bracket is used for all wheels, at 
the boards can be detached by taking ont the bolls or screws. The oUier part of the patlem is the 
core box for ipace between anna, rim, and bosa. 

The moulding boxes to bo used with this machine are bored, turned at the joints, and fitted 
together In pairs, the bottom box L only being uaed on the table of the machine. The slidea F G, 
to which are attached the whole of the top part of the machine, are bolted to the top of the pillar D 
through the flange D'. By revolving the pillar D, the wliole of the slides FQ nnd appeudagea are 



bond one aixe to fit the oentre Bpiadle J, whioh ia dropped into both ceatiea, aOtr pkoioK the box 




on the table. The box is then filled wfth Mod, and nnuned In the nmnl way, leaviDg lafBdenl 
■pMe for fliline or ttxsiag np the mould with new tand. 

The ttriokuiig boatd, Fig. 1319, ic then Applied ; the hole ■ in the bnoket T, to which the 
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^trickling board k attached, being bored to fit the centre spindle J, on which it rewolweB, rapported 
in the centre by a hoop on the swindle J, and the edge c, resting on the top edge of the box L. By 
moTing the boend ronnd, the spindle desoribea the proper form of monla preparatory to reoeiYing 
the teeth. 

The segment, or pattern T, is screwed to an iren angle bracket, and secored in the socket Z. 
The upper portion of the machine G Z is then brought in position over the mould and secured ; the 
proper radius and position being ascertained, the pattern is lowered on the sand bed already pre- 
pared by the strickling board. 

Prior to this the number of teeth in the wheel intended to be moulded being found, the operator 
puts on the requisite change wheels op, coinciding with tiie diyidiog wheel and the wheel to be 
moulded. There is a list or table of changes sent with each machine, showing what wheels to nae 
and how to place them. 

Say, for example, there is a wheel to make with fifty-five cogs, they would be placed, acooxdiog 
to the table, in the following order ;— 



Ka In Wheel to 
benuule. 



55 



Handle ShAft 



60 



Wonn Shaft. 



55 



NaofTamBa 
Tooth. 



If the machine is heavy to work, through having a large box filled with sand, the relieving 
screw W is applied to the bottom of spindle J, and the machine will then work with ease. 

The workman then proceeds with filling in between the two teeth in the pattern with sand, and 
having rammed the sand to su£9cient and uniform hardness, he raises the pattern from the sand by 
the band wheel H, working a pinion and rack which raises the vertical slide G to which the pattern 
is attached, and is held when raised by ratchet wheel and retaining pawL 

The reouisite number of turns is then made with the handle JN, and the pattern lowered into 
the mould oy the hand wheel U. On lowering the pattern in the sand for the second tooth, the 
operator should particularly notice, when lowering, whether the pattern tooth displaces or presses 
too hard on the sand tooth, and if it should do either, the wheel he is making is too small in diameter 
for the pitch and number of teeth intended, and it is necessary to make the wheel a little larger. 
This is readily^ accomplished bv releasing the pillar D in the socket R, where it is secured whilst 
the moulding is in process, and then increasing the radius J T, Fig. 1348. If, on the contrary, it ia 
found that a space is left between tlie pattern tooth and the sand tooth, on lowering the pattern far 
the second tooth, the wheel is too large, and the radius requires oontmcting. If the segment tooUi 
only just touches the sand tooth without displacing the sand, the wheel is tiien the proper size. It 
always indicates, on making the second tooth, whether the mould is right, and if it is righ^ the 
workman proceeds to fill between the two teeth of the pattern with sand as before, and so repeats 
the operation until the whole wheel is finished. 

The top part or box does not re<juire to be placed on the machine at alL It has a small hole 
bored through the centre, in which is fitted a spindle, and on tliis spindle the bracket V fits exactly, 
as in the bottom part ; the board does not require taking ofiT the bracket, but both are inverted 
together, and the edges de serve the same purpose in the top box that abc did in the bottom box. 

The use of gear wheels to efiTect the re^lar movement of the table in wheel-moulding machines 
has been objected to by some, and in Belbngton and Darbyshiro's machine the use of geiuied wheels 
is done awav with, and their place is taken by adapting to the table a perforated rim or ring of 
metal, callea the dividing ring, which is placed above the periphery of the revolving table, and 
arranged to operate in conjunction with a locking device. The ring or rim is made to answer the 
same purpose as the dividing plate on a wheel-cutting machine, and to this end is perforated with 
a series of sets of holes in parallel lines around its periphery. 

The table is held firmly in the required position by means of a screw pin, the end of which engages 
with the holes on the dividing ring, and after each tooth of the wheel has been moulded, the screw 
or pin may be withdrawn, until the next hole in the dividing ring is brought opposite to it, by the 
turning of the table by means of the screw and worm wheel, to be again held in position during the 
operation of moulding the next tooth. By this arrangement the revolving table itself is fastened 
directly and securely in position, at a point outside its largest diameter, thus giving to it a mi>.Tinii^m 
of steadiness, which cannot be attained by any arrangement of geared wheels. 

The cost of patterns for machine-wheel moulding is merely nominal, compared with the making 
of whole patterns, and if destroyed these are easily replaced. Again, the storage for whole patterns 
is generally very large and expensive, whereas if maae by machine the storage will not exceed 10 
to 20 per cent of the room occupied by whole patterns. Whole patterns are very subject to get out 
of truth by variations of temperature, and it is very costly, even if at all practicable, to keep a room 
at one temperature. On the o^er hand, if the blocks for wheel moulding get out of truth, they are 
soon replaced at a very small cost, and wheels made by machinery are certainly more accurate than 
wheels made from a pattern. 

The drying stove of a foundry should, if possible, be built contiguous to the moulding shop, 
with lines of lailway running into it, through openings in the partition walL The work to be dried 
can then be run into the stove, from various parts of the moulding shop, and when dry, should be 
withdrawn from the other side ready to be placed in the pit for pouring. In this way the con- 
tinual fiow of work is kept in one direction, progressing towards completion, and time and labour 
are much economized, especially where large heavy work is in hand. 

The stoves are generally built in sound brickwork, and of such shape and dimensions as are 
required for the kind of work to be executed, and are provided with appliances for entering and 
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witfadrawio^, or Bhifting the pootion of the artidee to he dried. The walls, especially if expoeed 
to oatdde air, should be built double, with an air spaee between them. 

In some oases it is possible so to arrange the stoves that their heat shall be greater towards that 
end where the cores are withdrawn, as in the case of a pipe foundir, where the oores are tolerably 
uniform in bulk, and will therefore dry in regular rotation, so that the wet oores on entering can be 

Elaoed in the coolest part, and be gradually advanced as they dry to the hottest part, previous to 
eing withdrawn. In the majority of foundries, however, such a systematic course cannot be 
adopted, owing to the varying bulk of the core^ and moulds to be dried, and the necessity that 
exists for the men to be able to get at them to apply the blaokwash, which is generally done within 
the stove. 

The stoves are sometimes built with cast-iron floors, without any rails, the trucks are then 
wheeled along the rails to the entrance of the stove, but wnen in the stove they run upon the flanges 
of the wheels, which are made rather broader than usual to give them a good bearing sur&oe. 
This plan consider^ly lightens labour, as the loaded trucks can thus be more easily moved firom 
one part of the stove to another, than when obli^id to follow the line of rails. 

If the stove is required to be of any considerable length, it is desirable to provide it with sliding 
iron partitions, by which it can, when necessary, be divided into compartments, with doors to each, 
so that tiie articles in anv one part of the stove can be made accessible, without delaying the drying 
of the others. During ihe time that any one compartment is thus separated from the remainder, 
the current of heated air must be diverted past it, by means of a flue provided with valves for regu- 
lating the flow of the air. 

An ordinary drying stove consists of a simple brick chamber, with large plate-iron doors at one 
end, which can be thrown wide open. The three sides are built in 9-in. bridcwork. In one of the 
aides is a fireplace, which can be supplied with fuel from the outside of the stov& and may be shut 
off by a closely-fitting iron door, in the opposite side of the fireplace is a flue leading to ihe 
chimney ; this flue is placed low down. An arched brickwork dome covers the chamber. Iron 
shelves are arranged along the walls for drying small cores and boxes on. A line of rails which is 
within the sweep of a crane, leads into the stove, and any heavy mould which is to be dried may be 
laid upon a car running on this track, and both car and mould are pushed into the stoves, the doors 
closed, and fire put in the furnace. The size of a drying stove is varied according to the size of the 
castings commonly made in a foundry. A stove of 12 ft. in all directions, and 7 ft. high, is a good- 
sized stove. When there is no occasion for employing a lai;ge stove, a small one is selected by pre- 
ference, because it works &ster, and with less f ueL 

One plan of drying moulds consists in forcing air through mains below the foundry floor, and 
having openings in the bottom of each pit, within which the moulds are placed. Over the opening? 
into each pit is placed an iron basket full of burning coke, and over the top of the pit a cover of 
plate iron is let down, having a small opening for the escape of the heated air. By thus blowing 
oeated air amongst the moulds they are quickly dried. 

In order to &y any material in a confined space, it is necessary not only to heat the air in that 
space, but to change it before it becomes saturated with moisture, otherwise the material is simply 
steamed, not drie<L It would appear therefore that a high temperature with a brisk current are the 
most favourable conditions for drying, but with regard to cores and moulds, the limit of both these 
powers is soon reached. Supposing a low temperature is adopted with a very rapid current of air, 
the surfaces of the loam are very mble to crack ; whilst if the low temperature is used with a slow 
ouxrent, the loam in drying gndually gets so dense and consolidated as to lead to a probable 
failure in the casting from blowing. If, on the other hand, the temperature is forced beyond 500° 
Fahr. with a slow current, the moulds and cores dry unequally, and the steam which is generated 
splits off pieces, and thus spoils the oores and moulds, besides destroying the fibrous q^ities of 
the haybands, tow, or horse-dung used for binding the loam, and ouier materials used in their 
construction. 

The speed of the current must be regulated to suit the work being dried, and observations upon 
the amount and rapidity of the eyaporation going on in the stove should be frequently made, and 
oarefullv'noted. 

For heating the stove, a regenerative firebrick furnace has many advantages. It is easily regu- 
lated, can be heated with refuse coal, and the heated air is delivered into the stove much more free 
from dirt and soot, than when the stove is simply used as part of a flue for the produoto of combus- 
tion from the heatiug flre to pass through, on their way to the chimnev. 

In his ' iStudes sur la Ventilation,' Marin gives some formulie which will be of service to anyone 
having to design foundry stoves, and who may wish to calculate somewhat closely the supply <tf 
heat tiie volume of air, draught, height, and area of chimney required, and similar details. 

The foundry pite necessary for heavy work are either sand pits or open pits. The former are 
filled with sand, to the level of the floor, which is dug to form a sufficient cavity, not only to 
enable the loam mould to be lowered into it, but also to allow the labourers to flll and ram the sand 
in again, flrmly all round the loam mould, as a sufficient support to enable it to resist the pressure 
of the fluid metal inside it. 

Sand pits are used where the loam mould is built up, both in core and cope^ upon a skeleton 
framework of common or loam bricks, or in such other manner as not to haye sufficient stiffness in 
itself to resist the pressure of the liquid metal. The necessary support for the cope, or external 
portion of the mould, is here obtuned by the filling in around it of the solidly rammed sand. 

As to the cores, when these are circular in section, they are not found to require much support 
beyond the brick skeleton, but when they are irregular in shape, they are strengthened by stiffen- 
ing pieces, or strnte of wrought iron, or rings, applied according to the circumstances of the case. 

Sand pits are almost invariably used for the larger description of castings, and even where 
small work is the rule, a sand pit is occasionally required. It should be about 4 ft. larger in clear 
space all round than the largest mould which it is expected to accommodate, in order to allow 
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amplo room to dig ont the Mmd and fill it in again around the monld. The oylfaidriflal farm Ivtfaaft 
best adapted for a sand pit; it jihonld be surrounded with a briok wall, to prerent the aides from 
ftJliDg in, when the sand is removed. The depth and diameter of the pit depend upon the descrip- 
tion of work it will be used for, but as a general rule oastingB of laxige diameter are seldom very 
deep, and ^ose which are of great height are seldom of large diameter. 

Exoeptiomil oircumstanoes require special appliances to meet them, and it is soaroelj worth 
while to constantly dig, wall, and fill in with sand, a very wide and deep pit, whose utmost 
capacity may perhaps only be tested once in twenty years. To nartially oferoome this diflicnlty, ii 
has been proposed to excavate a central pit of considerable depth, suitounded by one of modi 
larger diameter, but of less depth. 

Before filling in the pit, the sand shonld be screened, and wetted, and should then be thrown in, 
in saccessive layers, being well and equally rammed down all the time, by labourers in the pit. 
If this operation is carefully performed, the sand will bear digging out from around the mould, and 
will stand up firmly like a wall. If, on the contranr, sufficient attention has not been devoted to 
this, the sand will come out unevenly, and will fall down in masses from the sides. In the esse of 
large pits, this is a source of considerable danger and loss. 

If the moald and casting have not yet been removed, the fallen sand must be du^ out ; whilst 
should a fftU occur just after the core of a large mould has been lowered into tbe pit, and before 
the cope has been properly adjusted in its place, it is most probable that the core will be damaged 
by the falling sand, or the least evil will be, that it will absorb some moisture from tbe damp sand. 
In digging out or filling in deep pits, some precautioDS should always he taken to protect the 
men agamst the falling sand, by plaomg struts and poliuff boards against the sides, as is usud in 
all deep excavations, and is the more necessary with such material as sand. In digging out the 
sand firom large pits, it is necessary to caution the men on the upper bank not to walk^too dose to 
the edge, so as to avoid bringing down the sand upon the men below. 

When the pit exceeds 8 ft. in depth, it is usual to excavate the sand by the ordinary staging 
process, having labourers on each stage, to throw the sand to the stage above, until it reaches the 
oank, where more labourers must be stationed to shovel it back from the edge of the pit, which must 
be cautioudy done. 

The sides must be supported with struts and stout poling boards, and sometimes rings of angle 
iron, in three or four segments, are lowered into the pit, and bolted together, thus forming a very^ 
strong ciroular support for the edges of the bank. Into the interval between the ring and the 
poling boards, hard wood wedges are firmly driven. One great advantage in the use of angle-iroa 
rings to support the poling boards, is that cross struts are thereby avoided, and the rings and poling 
boards need not be removed until after the mould has been lowered into place, and it is neeessary 
to ram in the sand around it. 

One or two light ladders should be left in the pit, until it is so far filled in, that the men can 
leap ont on to the bank in case of a sand falL 

The walls of drv pits are generally built of brick, sometimes of stone, and the bottom should be 
laid with a slight &11 towards the centra If the soil around and beneath the pit is wet or shifUng, 
A good concrete foundation must be put it, and concrete must also be run in around the walls, whi£ 
must be built strong enough to redst external pressure. In a watery soil, the whole mass of the 
casing must be of sufficient weight to counterbalance its displacement, so as to ensure its not being 
lifted, or floated, bodily upwards out of its site by water. 

Such an accident is most unlikely to occur, except where a pit might be placed near a river, 
whose rising water could permeate the soil around the pit. But as a rule a waterlon;ed soil is, 
and should be, avoided for the site of a foundry. These pits are occasionally Uned with thin 
wrought or cast-iron plates ; when casting in such pits, however, precautions must be taken that 
the molten metal does not come in contact with iron casing, as it would probably crack or duiMge 
caat-iron plates, or stick in lumps on the wrought iron. 

Open pits are simply dry pits with fiat bottoms, placed below the sand fioor of the fonndrr, 
within the sweep of the cranes, and of such a depth as will allow the moulds to be stood within 
them, without rising much above the top edge of the pit. Open pits are employed where the loam 
or dry sand mould is built up within a flask of cast or wrought iron, whicin caaing is sufflcientlv 
strong not only to support the mould, but also to take the thrust wnich comes upon the mould, 
when the metid is poured into it The dimensions of the open pits are regulated by the size and 
form of the castings fur which they are intended.' 

In most cases where any large castings have to be made in numbers of a similar size and shapes 
such as large pipes or columns, it is more economical to provide iron cases for the moulds, whether 
these are of dry sand or loam, and thus to be able to use the open pit when pouring. The moulds 
must be properly secured in position in the pit by struts and stays, unless of such a form as not 
easily to be displaced. 

When it is necessary to withdraw a casting from the pit, the sand should be dug out all round down 
to the bottom of the mould, before attempting to lift the casting out by the crane. This is a point to 
which sufficient attention is frequently not given, and the casting or the crane chain will probably 
be strained. One great advantaee of casting in deep sand pits is the power it gives of casting bodies, 
such as Isj^ pipes and cylinders, in a vertical instead of in a horizontal position. It is well 
known that ciiBting in this manner tends to improve the metal in the bod^ of the work, and affords 
a ready means for extracting from the casting dross and air>bubbles, which rise into the open part 
or rising head of the mould. 

To reap the full advantage of this tendency, the metal should not be poured directly into the 
top of the mould itself, as it would probably fall with too great a blow, and would in finlling carry a 
large quantity of air with it. The plan which is found most successful is to convey the metal by 
vertical gates to the lower part of toe mould, to pour the metal into these, so that it flows upward 
in tiie mould, when the air-bubbles and dross will flout to the surface, and be then easily removed. 
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while! the hody of the oaatlng will derive all the ftdvantages which acorae from the pouring with a 
head of metal. 

A foundry must he well provided with ladlea, varying in size from the smallest, which one man 
can easily carry, up to those capable of holding two, three, or five tons. Of the smallest size, 
which are similar in form to Fig. 1352, but generally made with ladle, trunnions, and handles in 
one piece, a gqod many should always be kept in stock ; of the larger sizes, the number must of 
course be determined by the class of work it is usual to contract for in the foundry. 

Figs. 1351, 1352 are a plan and elevation of a common form of heavy ladle, generally made of 
boiler plate, which should be strong and thick, with double-riveted butt-joints, heads of the 
rivets inside, and a strong angle-iron ring round the bottom. 

The shape is cylindrical, with the bottom slightly concave inside, and it is usual to roughen the 
internal surface with a view of giving a better hold for the loam coating. The plates of the ladle 
are frequently perforated with a number of holes, 
about half an inch diameter, allowing an egress 
for the gases, which are generated in the lining, 
when i& molten iron is run into them from the 
cupola. 

The body is sunoxmded by a strong iron 
ring, from which two trunnions project; over 
these, the holes in the fmme fit, the upper bar 
of the frame having a stout eye, for slipping 
on to the hook of the crane chain. A loose 
swinging fork is ananged on one of the upper 
edges of the ladle, and by throwing this into, 
or out of, gear with the side of the frame next 
to it, the ladle is kept vertical or swung over at 
pleasure. A handle fits on to the prolongation 
of one of the trunnions, and is a rough means 
of regulating the quantity and rate at which the 
metu is pom^. 

Before commencing to line the ladle, it is 
advisable that it should be slightly heated; 
the frimaceman then gets inside it, and having 
coated the interior with a wash of clay of about 
the oonsiiitence of cream, he proceeds to apply . 
the loam to the bottom of the ladle, in a uni- 
form coating from 1 in. to 1} in. thick, using 
the utmost precaution to force it into close con- ^^ 
tact with the plates at all points. In working ^^ 
upwards the thickness of the lining is slightly 
reduced, and the covering of the lips must be 
rounded ofi; so as not to oppose any uneven 
Bur&oe to the flow of the metal, whilst at the 
same time it must be prevented from coming in 
contact wiUi the iron of the ladle. When the lining is completed, the ladle is allowed to stand, 
until the loam has dried sufficiently to allow of the ladle being turned upside down, without dis- 
turbing the lining. A fire is then lit beneath the ludle, so as to completely dry the lining. The 
ladle must be slightly tilted on one side, to allow the damp air and smoke to escape. The nature 
of the fire thus applied somewhat depends upon the convenience of the works, but one of the 
simplest and readiest modes is to place a pUe of ignited coke on a piece of old sheet iron, and run it 
under the ladle. 

If an^ cracks are observed in the lining during the process of drying, they must be filled up 
with moist loam, and when the whole is perfectly dry and uniformly covered, without cracks or 
flaws, a coating of thick blackwash is applied. When about to toss the metal into a Indie, an old 
piece of plate should be placed in a sloping position, resting against one side of the bottom, so as to 
prevent the first force of the current of metal from coming into contact with the lining ; this plate 
must be removed with the tongs, when there is metal enough in the ladle to receive the flow of the 
falling metal. The ^ breaking of the iron ** in the ladle is useful as an indication to the founder of 
its temperature. 

The currents are more rapid, and the bright lines dividing up the surface are more irregular 
and transitory when the metal is first run into the ladle than afterwards. 

By a close observance of this curious nhenomenon, the founder is enabled to I'udge the right 
moment for pouring, as it is seldom advisable to do so when the iron is at a much higher tempera- 
ture than is necessary to ensure its penetration to every part of the mould, and making a clean 
sharp casting. Bmall ornamental work must be poured at a higher temperature than large, heavy 
castings. 

If the metal in the ladle is considered to be too hot to pour, a few pieces of perfectly dry, clean 
scrap iron are plunged into the ladle, where they will absorb some of the excess of heat, in the 
process of being melted. The iron thus put into the ladle has a strong tendency to float ; it mubt 
therefore be forced down with the tongs, but the greatest care must be exercised not to damage the 
lining in so doing. 

A convenient mode of tipping the ladles is obtained by the arrangement in Figs. 1353, 1354. 
The strong wrought-iron cross-head is brought down on each side to nearly the bottom of the 
ladle, where it is bent round extra strong lugs or trunnions. Upon one of these trunnions is keyed 
a cast-iron worm wheel, which is geared into by an endless cast-iron screw, carried by bearings 
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attached to the side bar. The end of the axis of this screw ie sqnaze, so as to fit the socket of the 
long shaft, which is caused to rotate by means of a capstan wheel, &ced at such a distance from 
the ladle, that the man working it shiUl not be inconyenienced by the heat of the metal in the 
ladle. 

This arrangement enables the ladle to be qnickly, and safely, tilted to any desired angle. In 
order to ensure its steadiness when in an npright position, the nsoal forked catch with a hinge is 
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riveted on one side of the ladle ; the fork embraces the Tertical arm of the cross-head, thus pie- 
yenting any movement out of the perpendicular until the catch is disengaged. 

For conveying the filled ladle from the cupola to the mould, an overhead traveller can be need, 
or a small but strong wrought-iron truck, Figs. 1355, 1356, running on light rails, may be employed, 
so arranged as to run the ladle within command of the sweep of the crane used in pouring. The 
rails should be laid a few inches below the usual floor level of the shop, and when not in use, be 
covered in with sand, to protect them from any liquid metal that may be spilt. 
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The chains for moving the trucks along the railway are sometimes drawn by manual labonr, 
but a more steady motion is obtained by winding the chain upon a barrel at the end of the line 

of rails. 

Having the ladle conveniently placed over the mould, the foreman in charge will direct the 
men to commence pouring. A sMmmer should stand on each side of the ladle, if it be a large 
one, to remove all the slag and other impurities floating on the surSooe of the metal, and to prevent 
as much of them as possible from flowing into the mould. For this purpose they nse a skmmiing 
tool, consisting of a flat blade of wrought iron fixed on to a long handle of round bar iron. 
To prevent the oxidation of the surface of the metal, powdered charcoal is plentifully thrown 
on it. But in any case a certain amount of dross will be found on the top of the ladle, and some of 
it will evade all the dexterity of the skimmers, and fiow into the mould, to the great risk of spoiling 

the casting. 

Cast Steel.— From the time of Huntsman the principal improvements in the crucible pro- 
cesses of steel making have been that a small proportion of manganese, in one form or another, is 
generally added to the metal ; that the size of the pots has been increased; that two, and some- 
times four, are heated in each furnace, instead of only one, and in many works the regenerative gas 
furnace is now in use for melting, in place of the pot-hole fired with coke ; that very much milder, 
less fusible metal is now often melted ; and that, as the knowledge of the chepaistry of the subject 
has advanced, every possible mode of making steel in crucibles nas, at one time or another, been 
either tried as an experiment or worked on a commercial scale. 

Figs. 1357, 1358 are examples of the furnaces now used for melting steel in crucibles, and 
represent the ordinary pot-holes used at Sheffield, in which coke is the fueL Each hole or fomaoe 
is a simple rectangular chamber, communicating near the top with a large main fiue, which is 
common to a row of furnaces. The tops of the furnaces are on a level with the fioor of the 
melting shop, and the grates are accessible from the cave below. Each furnace is covered by a square 
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flrs-tUe, or qiuny, flxed In a -wnmgfat-tnni frame, bom which » handle pnijeata in front The TVx- 
naoes aie lined with giunnd nniiler, a Tarietv of millitone grit that ia found near Sheffield, and ia 
of great yalua as a fita-resi«tuig material. When the fnrnaoe i< to be retiued, • woodui mcmld ia 
pat Into it. and the gionod maiarial rammed ronod. 

The potg almoai invariably used are of firacday, mixed with a little ooke-dnst, and aometiiiiea 
aloo with » little burnt clay, old gioimd pots, to qu^ the maa* more poioni, and thai Himinljh the 



riak of oraeldDg. The mode of making and anneeiiDg ths pot* is desiribed In thia Diotionarv The 

Kle vary moch in eize : thus, some hold a oliarge of only 28 lb., and olhen from 40 lb, to 15 lb. 
lepreaent tendenoy is towards the use t>f large pots, holding 55 lb. to 70 lb. for the firat charge, 
Bnd 5 lb. to 10 [b. less ceeh time they ore refllled, in order that the flui'lioe, the level of the surfiuie 
kf' tf ^^''^l^ steel, where the chief corrosion of the pot takes place, may not oome twice at the same 
height When pote of pltunbnga or black-lead wore ue used, they are ^eqaentl; made to hold 



666 POUNDINa. 

75 lb. Clay pota stand from two to four roands, depending on the ftudbility of the steel melted, 
and blaok-lead pots abont twice as many. Black-lead pots are, however, seldom used, ezoept in 
melting the very mildest qualities of steel, such as the boiler-plate metal, for which Pittsbur;^ has 
acquired a deserred cdebrity ; steel so refractory that the best clay pots will soften and burst at a 
heat little greater than that required to render the steel liquid. 

Three charges or rounds are melted in twelve hours, and generally the meltine is carried on by 
day only, as the wear of the furnaces is much increased by working them day and night. The con- 
sumption of coke is from 2f to 8} tons, a ton of steel melted, equivalent to fifom 4 to 5 tons of coal. 
The preparations for melting the steel are commenced by making a ooal fire upon the grate 
adjoining the annealing grate. The annealing grate must be large enough to hold twice as many 
pots as there are melting holes in the furnace. If that number be ten, twenty pots are put inverted 
upon the annealing grate, and the fire put down the spaces between them, whicn are then to be filled 
up, so as to cover the pot with the small coke riddled from among the coke used for melting, and 
upon these again the pot-lids are laid. This is done in order to have the pots gently heated to a 
ted heat, ready for using. Each pot requires a stand and a lid. In form« the stand is the frustum 
of a cone about 3 in. high ; and as upon the base of the stand the pot is to rest, they should corre- 
spond in size. The stand is made of common fireclay, but the lid of clay the same as the pot ; it 
snould be a little larger in diameter, fiat on the under side, and a little convex on the upper. Each 
fumaoe has two stan£ placed in the proper position upon the gnte bars ; and upon the stands two 
pots, covered with their lids, from the annealing grata Some fire, with a little coal, and soon titer 
some coke, is put on ; and when this has burnt up, sufficient ooke to cover the pots; when the fur- 
nace and pots are at a white heat, the steel may be put in. The steel, having been broken and 
selected for the intended purpose, weighing say 34 lb. for each pot, is put into pans of iron or upon 
steel plates. To charge a pot, the lid is taken off^ and the lower end of a conical-shaped ohai^;er 
placed over the pot, down which the steel is gently slid. The lid is then replaced, and the 
other pot being charged in the same manner, the fumaoe is filled with ooke, and covered. After- 
wards more ooke is added, the quantity being determined by the ezperienoe of the steel maker. 

Four hours will finish the heat, when a man removes the crucible, by means of basket tongs, from 
the fire, and puts it on the fioor. Another workman takes the pot and pours the metal into the 
motUd. Meanwhile the furnace is cleared of clinkers and made ready to receive the hot pot when 
emptied into the mould. 

Brass Founding, — In a brass foundry of moderate size, it is very usual for the moulding and 
casting shop to be all in one. This does tolerably well where only smidl work is on hand ; but where 
as many as a dozen moulders are employed, it will generally be found advantageous to separate the 
fldiops, in which case the floors should not be on the same level ; the casting shop fioor diould be 
2 or 3 ft above that of the moulding shop. By this arrangement the men are enabled to move the 
flasks from the benches to the floor of the casting shop without stooping. The moulders pass the 
flasks into tiie casting shop, through openings in the partitions which divide the two shops. The 
moulding shop should therefore be narrow, so as to give the men but a short distance to cany the 
flasks, from the benches to the casting shop floor. There should be ample light, it should come 
from overhead, and over the benches if possible. These are generally placed along thcvwhole 
length of the shop, or they may be arranged at right angles to the wall, two being placed back to 
back. 

The sand heap should be centrally placed in the shop, with a shoot from the outside. The drying 
stove and core stove are in the moulding shop. These are heated by fuel, or by means of steam 
jackets, the latter plan being much the more cleanly and oonvenient. There should be a water 
tap and sink in this shop. The casting shop should be of the same length. as the moulding shop, 
the furnaces being arranged on the opposite side to the moulding shop. This shop must be well 
ventilated ; it should have openings at the floor level, and also in the roof^ so as to keep up a current 
of air. Stores for coke and for ashes must be provided, and near the spot where the boxes are 
poured. There should be gratings over which the boxes are to be emptied, the sand going back to 
the moulding shop by an inclined plane. The dressing room must be next to the casting shop, so 
that all castings can be quickly passed iu, weighed, cleaned, and dressed before being sent to the 
warehouse, which should also be near by. A bench, a few vices, and small tools are all that is 
required in the dressing room. The finishing shop should be a large, well-lit, and well-ventilated 
room adjoining the dipping and colouring rooms. These latter must be well supplied with water 
and sinks, and the north light is considered most suitable for them. The lacquering room must have 
openings into the fini^hing G^op, and into the warehouse if possible. It must l» kept quite free 
from smoke and dust, be well ventilated, and have a north light 

Modelling and pattern making are both used for brass work, and although these are distinct 
branches of trade from founding, where work is systematically performed, yet in small country towns 
there are many workshops where it is of great importance that the same man should be able to 
execute work and understand the general principles both of modelling and pattern making, as well 
as of brass founding. 

The materials commonly employed for modelling are pipeclay and stnooa The former is used 
for work of a protracted nature, the latter for straight flat models, which can be flnished off at once. 
Pipeclay, which is decomposed felspar, is made into a putty with water or glycerine ; the glycerine 
prevents its getting hard for a considerable time. 

Almost the only tools reauired for modelling are made of boxwood, with variously shaped ends. 
The handles are about 6 in. long ; the sharpest edges are slightly nicked ; the others are all more 
or less blunt. A horizontal lathe or turning table, like a potter's wheel, is also used for circular 
pieces. A few nicely planed boards, of various sizes, are required. On these boards an outline of 
scroll or other work required is drawn, the clay being placed thereon and modelled. 

Clay is modelled with the hand and wood tools, mostly by pressure. The clay adheres to wood, 
or the turning table, when slightly moistened, and requires no other flxtng. 
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Modd% made eiCbar in elay or wood, and whieh are intended for immediate use, re^mie to be 
made burger Uian the size given, by 1 in. to every foot Braes castingB, under 12 in. in sue, shrink 
abont I in. to a foot in the mould. Laige eastings shrink about -^ in. For this purpose it is best 
to oonstmct a measure or rule properly divided, so as to save time and calculation. 

Should it be required, however, to make a metal pattern from the clay or wood, then the shrinkage 
will be double, and the model will require to be made ^ in. larger, a foot every way, a seoond 
measure or rule being required. The real shrinkage is onW il^ths, but the other -^th is allowed for 
flniBhing. Patterns exactly rectangular do not draw well m>m the sand ; hence all patterns should 
be made with a taper ci at least -^ in. to every foot Bliaip internal angles should be avoided, as 
they leave an arris on the sand, which requires mending. 

It is often necessary, in model making, to take impremions and oasts from existing works, whieh 
cannot be cut up. In such a case an impression can be taken from it in guttapercha. To soften 
the guttapercha, either warm it in front of a fire, or place it in hot water, and knead it with the 
hands to make it of a uniform degree of pliability. After taking the impression, place it in cold 
water, otherwise the guttapercha will contract on cooling. Stucco is also used for this purpose, or 
a mixture consisting <? four parts black resin, one part yellow wax. 

For complicated patterns, or where cores are required, melt twelve parts glue, to which add three 
parts treacle. 

Mouldings, and the like, can be quickly modelled in long lengths, by sweej^ing them up in stucco, 
or other material, by means of a board cut to the required profile, as is done in loam moulding. A 
moulding tub is employed for small brass work ; it must be very strong, constructed of wood, 
provided witii sUding bars, and a number of 1-in. boards with cross-ends the size of the moulding 
ixixes. 

The moulding boxes are similar to those already described, but usually smaller ; wooden cramps, 
fastened by screws and nuts, being made to dasp these boxes lengthwise. In large boxes, cross bars 
are sonietimes oast across them, or the bars may be of wrought ircm cast in. 

'Hie detsdls of pattern making, mouldinf^, gates, runners, and other foundry details, have already 
been so fully described for iron, that it will be unnecessary to do more than briefly notice each 
process in the brass foundry, except where any material difference exists. 

Ordinary plain work is arranged according to circumstances in the flask. When only one or two 
castings are required from a pattern, the pattern is wmpped into the flask, that is, the top part being 
ramm^ up, a portion of the sand is removed and the pattern inserted, or rapped in. After sprink- 
ling on some parting sand, the drag is placed on, and mcing sand sieved in, after which the oroinary 
saml is rammed in till the flaak is rail ; then the flasks, top and drag, are turned over so that the drag 
is lowest, when the top part is taken off and emptied, the face of the dreg cleaned again, and dusted with 
parting sapdL After this, the top part is put on, and filled and nunmed with fincing and ordinary 
sand, as was done above. The top part is again removed, and the patterns withdrawn. In the 
process of parting the box and withdrewing the patterns it often occurs that part of the sand is 
torn away, wMch in consequence reouires to be mended. This process of mending is a very tedions 
and costnr one. When the moulds nave been mended and finished, with gas and air outlets, and 
gates and mnnen for the inlet of the metal, the top and drag are pat together, dosed, and cremped. 
The mould is then ready to be poured. This mould is called a green-eand mould, not having been 
dried ; but if a fine appearance is required, the mould before being closed should be placed in the 
dryine stove. When a large number of any article is required, plate moulding, to which we have 
alrea<r|r referred at length, is very generally employed. 

When an opening, or hollow, has to be left in the interior of a brass casting, a core is inserted in 
the mould. This consists, as usual, of a properly shaped piece of baked sand, exactly the counter- 
part of the hole that is desired ; this is placed in the mould to prevent the metal or alloy from 
running into the space. To keep the core in its position it is made a little longer or wider than 
necessary, so as to nave a bearing to rest on at each end. The pattern must have projections on it, 
80 as to leave an impression in Ibe sand to receive the end of the cores. Some cores have only one 
bearing, as in the case of underout work, such as fiuted columns and ornamental scrollwork. Innu- 
memble modifications in the size and shape of cores exist in every-day practice, and much skill is 
required in their preparation. 

Gores are usually made in boxes. Figs. 1317, 1318. Where it would be too costly to construct 
a core box, it may be dispensed with by moulding the pattern in sand, and casting it solid. A good 
composition for this purpose is one of plaster of Paris to two of brick-dust, mixed with water. When 
cast and dry, scrape down to the form of the core. 

Ck)res, like moulds, must have passages in them to aUow of the escape of gases, otherwise the 
casting will almost inevitably be spoilt A wire must be inserted in the core to make such vent, 
and be withdrawn just before opening the core box to remove the core. When cores are large they 
are suppovited with iron rods, round wiiich they are built up. To give consistency to the sand used 
in making cores, about one-half should be pure rock sand, which contains a certain amount of day, 
but not generally enough, consequently the addition of clay water is necessary to give the sand 
cohesion. 

The cores must be dried in a stove, at a temperature not exceeding about 400^ Fahr. When dry 
they should be blaokwashed, or coated with a mixture of ground charcoal and water, with a little 
size ; this wash must be dried on in the stove, when they are ready for use. 

lu green-sand moulds it is advis.ible not to insert the cores till just before pouring, so as to 
prevent their absorbing moisture. 

When a thin brass casting is required, the upper half of the mould is moulded from the oppo- 
site impression, and a thin packing piece of clay or other material is placed between the two boxes 
to keep them the required distance apart When it is desired to mould small animals, butterfiies, 
leaves, or other delicate and intricate objects which can be consumed by fire, they are suspended in 
a box, surrounded with a mixture of two of brick-dust to one of plaster of Paris, mixed with water. 
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ThU nwnld fa ^Kei Id a farnaoe to oaamme the pattern, the lemaitia bring duUUQ out u br >s 
poenbl^ and tbt metal ponied. 

The air cmoblo faniBce u that In wbieti bran u amall; melted, bat when large oaatingB 
arc made, as thom required for mariii»«iigine work, OT fbr eccleeiaatioal {nmitme, s rereiberatc^ 
fomaoe will be round most mitable. 

Bianfonndera' air fnmaree are most freqnentlj rank below the floor level, the uh pit being 
iJoaed with a hinged iron gratillK' The ooTers fur the fnmaoe top may be either of caat or wnxight 
iron, and ihould be of a dome uiape ; there shoold be a damper in the flue. The interior of the 
fUTDJue uoBt be lined with Brebricb eet in fireelaj. 

The crneibleB tued Me either made of bUok-lead or Stourbridge ola;. The latter are cheaper, 
but teM durable than the bUok-lead, and reqnire to be carefnUj bardeiwd b; a gndnal ezpoanre to 
high temp^tniee. 

In mixing and ponring braai the least rotatile metal ihonld be melted flnt, the othete being 
plnngod under the molten metal with toDgs, in small lamps, which matt be hot and q<iiU dry. Tba 
Toaaon that the melal ahonld be hot fa that it may remain dry after beinc dried, as the iteam ftota 
way alight moistsre on it when placed in the melting pot would probably tend U>e molten metal 
qtuting about in all diiectiona. 



Ftga. 1359 to 1362 
li lomewhat nwdifled, 
mitted nndar the fomace 



renresent an ordinupr melting farnaae, bat in large works this arrangement 
, the ordinary oponing to the ash pit is slopped op, and fan-blast is ad- 
Lce barg ; the mouth of the fomaoe stands about 8 or 10 in. above the floor. 



Hm fliebanBhonld be ta Mianged, Itut on moriDg tlie tnai bearer a Kttle fomrd, the bout mi 
of the bars will drop down, bo that the funuwe OMt be eMily and qaicklj oleatsd trom aihu and 
eiinkem. 

The fuel for the bnua ftmuM {■ hard coke, which U broken ap ielo Inmpi the lice of a man's 
fist. The cmdble ia placed boltoa Dpwaida in the fire, co aa to get it thoioagtil; heated ; It is then 
remored with the tonga, turned right aide np, and bedded on a slab of flreolaf or fiiebriok, ooreted 




orer with ita lid, and the flre neatt; banked up aionnd It. The metal la then plseed in the 
CTQcible, the cover put on the month of the fnrnaoe, and the damper ia opened to increase the 
dranght : the cracible then remoinanotil the mel&l ia down. It ia nanal totbrowia with the metal 
■ome charcoal dnst or broken gloaa, which floats on the surfitco of the molten metal, and preventa 
oxidation. In feeding the metal into the crucible, put the copper or old braaa in amall piecee until 
it is nearl; foil. When this ia welt melted, add tbo tio, and mix it well in ; then throw in a few 
amall pieoee of tino. It the zino Bores up. throw the reet of it into the pot, stirring it in well ; then 
lift tUe pot From the (bmBCe, gkim off the dross, and pour into the mould. 

When placing the zino in Die crucible, drop a piece of borax as large as a walnut into it, this 
ia done to prevent the loaa of zinc which goes ott m the fnmea. If the anrface of the hot melal ia 
oovered bj fine charcoal or borax, which is prevented from homing, bj being renewed, or b; broken 
glass, the loas of zinc is reduced to a minimum. 

If, however, when the small trial piecee of zino ore thrown in, the; do not flare up, throw oo a 
little coal to make the flre brisk, and cover it over till it comes to a proper heat. Then, as soon m 
the zinc begina to flare, add the reet. If old brass alone is melted, no tin ia required, but a small 
quantity of zinc. If p^ copper and part braas, add tin and zinc in proportion to the new copper, 
with a little extra zinc for the hiass. To prevent volatilization, oharaoBl, or broken glass, may be 
spread over the metal whilst being melted. If the metal ia paaied too hot the casting will be aend 
homed, and its colonr Impaired. The best cestings are obtBined wbfn the melal is at such a 
teinperatnre that it will eool qnickly. HeavyosstingSBhould, therefore, be poured last The metal 
must be carefolly skimmed. Smsll work is poured Tertieally. large work horizontally. 

As soon as the brass ia ponred, it ia ububI to open the boxes, and (o sprinkle the oaatinea with 
wat^ From the rose of a watering pot. wldch makes the oastinga softer than they would othi^ririae 
be. When the casting iaoompleted, let theflro bars drop, clear the ftunace from ashee and clinkers, 
and place the pot amongst them to ooot gradually. In awell-armngedfonQdry, whenworkreqniring 
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ft good rapply of metal is undertaken, there are generally fbree or fonr rach hmmioe§ standing in a 
row, eaoh naving a separate floe leading to the chimney, which variee from 20 to 40 ft in height, 
the more lofty it is, the better the draught -£ach fomaoe has a damper to regulate its fire. In 
order to ensore constant work, it is qnite necessary to haye several fnmaoes, to allow of the necessary 
repairs to the lining, or other parts, bein^ efEoeied to one or other of the furnaces, whilst the re- 
mainder are in operation. The lining quickly bums away, and when the space around the crucible 
becomes larger than 2 or 3 in., a waste of fuel ensues. Boad scrapings are often used for the lining, 
these contain siUca and alumina: or refuse sand from glass grinders, containing flint glass, may 
be emoloyed. The lining, mixed with water, is laid on like cement, and a brbk fire is at once 
started in the furnace, which glazes the lining. 

The usual charge for a furnace of this description is from 50 to GO lb., but of course, when 
seyeral furnaces can be set to work, a casting of greater weight can be obtained. When, however, a 
casting of more than 2 cwt is required, it is preferable on the score of economy to melt in a 
reyerlMratory furnace, as is done when statues, bells, and works of large dimensions have to be cast 

For small work ttie gas blast furnace is extremely convenient and economical, it is also very 
dean in working, and can be placed on an ordinary workshop bench. The cover and pipe over the 
crucible must be of fireclay, as the most intense heat can be obtained by this handy little con- 
trivance. 

Crucible tongs of various sixes are employed; they should be strong and well pinned together, 
so as to hold the crucible firmly. 

Drying stoves for brass, when large, do not diflbr from those described at d. 661 ; when small, 
they comdat of small chambers made of sheet iron. These can either be heated by a tze inside, or, 
what is much better, bv steam jackets heated with the exhaust steam from the engine. 

Bronxe fine-art work has for a long period been skilfully practised in France, and both for design 
and execution the results obtained by French artuits and founders axe still unequalled, it is scarcdy 
too much to say Uiey are unapproached. During the reign of Louis XIY., alloys of 91 * 8 copper, 
1 to 2 tin, 5 to 6 sine, and 1 to 1*5 lead, were used. Another mixture employed was 82*4 copper, 
10*8 zinc, 4 tm, 3-2 lead. 

In a fine-art foundry, if the works generally to be produced are small in size, the moulding is 
done on benches, and the moulders work ou-o-cw at the same bench, which is divided by a longi- 
tudinal partition, provided with a shelf for tools. Small and unimportant pieces may be moulded 
in green sand, lar^ works in loam, but the greater portion of general work is mouldfea in dry sand. 
The sands are mixed in proportions carefully regulated according to the nature of the work for 
which they are intended, and the mixture is reduced to a uniform Imeness bv being passed between 
cast-iron rollers. The sand is then damped and sifted. The moulding ooxes are of oast iron, 
accurately fitted, the edges being nlsned true. When the objects are to be finished in the lathe 
the patterns are sometimes of wood, but most firequently bronze models are made, and are truly 
finished to the desired form. Uany other substances are used for models, such as plaster, wax, 
fusible metal, porcelain, and glass. 

For faoins sand a mixture of potato starch and charcoal dust, or fine white floor, is used : bat 
oharooal dust is the favourite materiaL 

Sand cores are used for all hollow pieces, unless these are to be oast in loam, or are <^a large 
size ; in the latter case the cores are of loam. In bronze statue casting, the thickness of the metal 
ahonld be as nearly uniform as possible, otherwise work will be distorted from unequal contractioQ ; 
bronze contracts considerably on cooling, the extent depends upon the pronortionB of the constituent 
metals employed in its composition, and varies from 1 to 2 per cent Tnis contraction is found to 
increase in ratios with the asB of the casting. 

The perfection of bronze work is said to consist in having the mould very highly flnisfaed, and 
obtaining a bright shaip casting, which shall require only a minimum amount of subsequent 
chasing and toof work, thus leaving the skin of the casting as far as possible undisturbed. 

Best English or Straits tin, and very pure South American copper, which latter is purified hr 
liquation, are the metals employed. A proportion of gates and runoers may be added, nut this u 
only done when the proportions and quabty of their ingiredients are known, and no old bronze guns, 
old copper or brass, or other material of unknown and variable composition, should be used, as it is 
oonsidered impossible to rely upon obtaioing a first-rato casting from such uncertain ingredients. 

The moulas are placed in cast-iron boxes, which are placed in a naked pit. A reservoir formed 
of sand with a charcoal facing is employed, into which tne contents of the crucibles or air furnaces 
are drawn. This reservoir communicates with the main ^te of the mould, and as soon as a suiB- 
otent quantity of metal is in the reservoir, an iron ping m the bottom is removed, and the metal 
flows into the mould, from whence the surplus passes off by rising heads, which sre purposely kept 
small for fear of distorting the casting nom too great a pressure. The gas evolved daring the 
pouring is fired at the rising heads by a torch. 

Bronzes which are intended to be coated with enamel, have their sur&ces specially prepared for 
its reception, by doitotmi, or partition, work. This process is a somewhat tedious one, and requires 
great snll on the part of the moulder. The outlines of the design for the enamel are described by 
■mall thin partitions of bronze, projecting upwards from the main body of the work less than a 
twenty*fifkh part of an inch. Thus the bronze has its surface covered with a network of fine lines, 
and when the enamel is baked into the shallow cells so formed, the enamel and the broaae 
partitions are ground and polished to a uniform depth. These partitions serve two useful pur- 
poses, they describe the outlines, and they tend to hold the enamel firmly in position. 

In finishing patterns for this class of work, ever^ irregularity in the celb and partition walls has 
to be cut out, and great care is necessary not to injure ue surface. 

When such patterns are finished, they represent a considerable value in skilled labour, and are 
extrraiely delicate, oonseqoently they are kept covered up on soft cushions, away firom danger of 
accidental damage. 
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The foanding of statneB is a very ancient branch of the art, and among early methods, the most 
fiunUiai is known as the ciie-perda, or waste-wax process, which was still in Tog^e when the 
present system was introdaoed, and a comparison between the two will best illustrate the progress 
now accomplished. The cire-perdn process required great care, and could only be carried out 
eifectiYely by the sculptor or modeller himself. Thus let us suppose, for the sake of simplicity, 
that the object to be reduced is a portrait bust measuring 4 in. in neight and 3 in width. The first 
step would be to model in sand, or a mixture of porous cement, the outline of the bu&t, taking care 
to make it on every side } in. smaller than the size it was designed to give to the finished statuette. 
This core must be coated up with wax to make up the deficient } in. This much might be accom- 
plished by an ordinary workman, but for the rest the services of the artist are indispensable. With 
great delicacy of touch he must work up the likeness and texture of his subject on the wax. 

The portrait completed, five or six pieces of wire must be pushed through the wax into the sand 
outline or core. It is now necessary to coat over the wax with liquid sand, applied most carefully 
with a fine hair-brush. When a few coats of this sand have been made to adhere to the wax, the 
statuette is surrounded by an iron frame, and the frame is filled up with sand mixture. The frame 
is generally about twice the size of the statue. When all is ready, this frame is removed with its 
contents to a warm place, so that the water may evaporate from the sand and the latter gradually 
consolidate. Holes must then be cut at one end tnrough the outer sand casing to the wax, i^t^ 
which the frame is baked in a hot oven. The wax melts, and runs out of the small perforation, 
leaving a space between the inner core, maintained in its position by the wires, ana the outer 
mould, which latter bears the faithful impression of the modelling bestowed on the wax. The 
holes through which the wax escaped are now used for the purpose of introducing the molten 
bronze. 

The method now pursued is more scientific, and involves piece-moulding. Taking a small 
section of the statue, the workman forces the sand by striking it gently with a mallet mto every 
fissure and crevice of a plaster model imbedded in sand, and thus obtains an accurate impression of 
that part of the model on which he has been working. Having completed one piece, he proceeds 
with another, till, by putting the pieces together, he can cover that part of the statue which is 
exposed out of the sand box. The model is then lifted from its bed, turned round, impressioas taken 
of the other side, and when this is completed the model can be removed uninjured. 

The pieces of sections of the sand having the ImpressionB of the model are fitted together in 
their relative seatings within the two hidves of tiie mould box. A core is made in the impress a 
little smaller in size, so that when this is placed within the mould, there should remain all round 
a margin between the mould and the core equal to about ^ in. in thickness. The core and the 
pieces which constitute the mould being secured in their respective places, the whole is then 
stoved. Vents for the foul air and gas must also be provided, and runners to enable the metal to 
penetrate rapidly the margin between the core and outer mould, after the bronze has thus been cast. 
Owing to the intricacy and fineness of the model, it sometimes requires a great number of pieces 
to mi^e the mould, and several months' work to finish successfully, even a group small enough to 
be stood upon a mantelpiece. One of the great advantages of this new process is the fact, that if 
the casting fails, the artist's chalk model, the result perhaps of infinite labour and of an inspiration 
which may never be repeated, remains unaltered. A new mould may be taken from it, and the 
second cast prove a success. The statue may thus also be reproduced as often as desired ; while with 
the old process the artist's work was carried away for ever as the wax melted, and if the oast 
proved a failure, there was no longer any record remaining of the work done and lost. 

Small bells are generally moulded in sand from a metal or wooden pattern, and the sand mould 
is dried in a stove. Having before described such moulding, it will not be necessary to enlarge 
here upon the casting of small bells, of less weight than, say, 112 lb. The most important point 
in the art of bell founding is the proper form to give a bell to obtain the desired tone, which is also 
dependent upon the metal used. 

Large bells are moulded in loam, in the same way as the large pan. Fig. 1319. The core is built 
in brick on an iron platform, which must have snugs in case the mould is made above ground. This 
brick core is covered with f in. or 1 in. thick of hair loam, and the last surface washing is given by 
a finely ground composition of clay and brick-dust This latter is mixed with an extract of horse- 
dung, to which is aaded a little sal-ammoniao. Upon the core the thickness is laid in loam sand, 
but the thickness is again washed with fine clay to give it a smooth surface. Ornaments which 
have been previously moulded, either in wax, wood, or metal, are now attached by means of wax, 
glue, or any other kind of cement If the ornaments are of such a nature as to prevent the lifting 
of the cope without them, for the cope cannot be divided, the ornaments are fastened to the thick- 
ness by tallow, or a mixture of tallow and wax. A little heat given to the mould will melt the 
tallow, after which the ornaments adhere to the cope, from which they may be removed when the 
cope is lifted off the core. The thickness must be well polished ; and, as no coal can be used for 
pelting, the whole is slightly dusted over with wood ashes. The parting between the core and the 
thickness is also made with ashes. The cope is laid on at first by means of ai)aint-bru8h, the paint 
consisting of clay and ground bricks, made thin by horse water. This coating is to be thin and 
fine ; upon it hair loam, and finally straw loam is laid. 

The crown of the bell is moulded over a wood pattern, after the spindle is removed. The iron 
or steel staple for the hammer is set in the core, into the hollow left by the spindle. It projects 
into the thickness, so as to be cast into the metal. The facing^ of the mould ought to be finished 
when the cope is lifted off. Small defects mav occur, and aro, if not too large, left as they are ; the 
excess of metal in those places is chiselled off after the bell is cast All that can be done in polish- 
ing the facing of the mould is to give it a uniform dusting of ashes. When the mould is perfectly 
dry, it is put together for casting. The core may be filled with sand, if preferred, but there is no 
harm done if it is loft open ; for bell metal does not generate much gas, and there is no danger of 
an explosion. The cope is in some measure secured by iron, but its chief seamty is in the s&ong. 
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wen-nmmed aand of the pit Tbe otst-gAte ia on fhe top of the hell, either on the crown, or, if the 
Utter is ofnamented, on one side of it. Flow gates ue of no nee here, the metal mnat he dean 
hefoie it enters the mould : there is no danger of sollaga 

Another plan is to nii^e theoope of iron larger than would fit the hell ; this is lined with loam, 
turned true % meaaa of an inside instead of an outside sweep, and the junotion heing hetween an 
iron nlate at the hottom of the eore, and the flange at the oottom of the cope, they can he fitted 
togetner more accurately than the day core and cope could he, and, moreoyer, holted together, so 
as to resist the huzsting ureasuie of the melted metal, instead oi having to rely merdy on the sand 
with which the pit is filled, and such wdghts as may he placed upon it The core and cope are 
hoth made Tery hot hefore the pit is dosed in with sand ; for that is necejnary to prerent too rapid 
cooling, which makes bell metal soft, indeed, if the cooling is very n^d, it will make the metal 
malleable. 

The mode employed in easting a large bell in England is thus described : The metal was twice 
mdted ; it was first run into ingots of bell metal in a common fdmace, and then these ingots were 
melted and ran into the mould from a reTerberetory furnace. The ingots were only in the rever- 
beratory furnace two and a half honn before the metal was ready for running, and the whole 
16 tons were run Into the mould in five minutes, quick running being considered essential for the 
production of a sound casting. 

CUanmg and Drtsamg Oasimgs, — ^The casting in foundries is generally performed in the afternoon, 
so as to make it the last business of the day. This time is chiefiy selected to escape the heat of 
the hot sand after casting, which will then cool during the night After casting, the castings are 
removed, and the moulding boxes piled in a corner of the building, so as to be handy for the next 
day's work : water is sprinkled over the sand, it is then shovelled over, mixed, and thrown in 
beans, where it remains during the night If the latter work has been properly performed, the 
Sana will be of a proper and uniform dunpness tbe next morning. Each moulder takes charge of 
his own sand, ana but little practice is required to learn ihe proper amount of water to be used in 
damping the sand. 

When the metal of a cast is so far cooled as to be strong enough to bear removal, the moulds are 
taken apart, and the sand or loam is removed from the casting. Small castiogs rci^uire but a few 
minutes to cool, while heavier casts take hours and even days. A massive castmg, such as a 
forge-hammer of 5 tons weight, will take twenty-four hours cooling in a green, and forty-eight 
houra in a dry mould. The excrescences, fins, spurs, and all ragged edges, which may hiwpen to 
have been formed in the partings of core joints, are broken off as soon as the cast is removed nom the 
mould. The gates are, at the same time, broken off by the moulder; it reonires some degree of 
skill to break a gate off smooth. Heavy castings are chained to a crane ana hoisted by it. Veiy 
heavy castings reonire tbe united strength of two or more cranes. Small castings are removed 
from their moulds by tongs ; one, two, or more persons taking hold of a casting at the same time, 
carry it to a place termed the fettling shop, designed for the reception of hot castings. Projections 
which cannot be removed in tbe foundry, are chiselled and chipped off in the yard, or in the 
fettling shop where the casting is roughly prepared for further work. Heavy cores, and particularly 
hard oorea, are removed in the foundry Jbefore the casting is entirelv cold. 

The deansing of castings is a simple operation in an iron foundiy where common castings are 
made. The first is done by means of chisels or sharp hammers ; the latter, with dull, coarse files, 
which have been used or rejected by machinists. Gast-iron files are also used for the latter purpose. 
The trimming and cleansing of valuable castings is generally entrnsted to skilled workmen, and on 
such artides as statues, the artist himself generally works out the details of the more important 
points. 

Grindstones are largely used In fettling. They should be of a hard, close-grained, diaip 
quality, free from veins, and uniform in colour. The stones are generally driven by steam-power. 

Ndther files or gnrindstones, however, fettle so well as emery wheels, which are formed of emezy 
of requikitte coarseness, mixed with a cementing materiaL 

Small blocks of consolidated emery may be used with great advantage by hand ; but the proper 
result is obtained when the foim of a droular disk is adopted, and tiie same rotated at a high 
speed. 

See Cast Iboh. Faks, Lutb, Honns, and Elxvatdbs. 
GAS, MANUFACTUBE OF. 

The manufacture of gas being based upon the distillation of coal, it may be well to commence 
the consideration of the subject by briefiy classifying the coals employed. Lignite or brown coal 
has but small interest for the gas manufacturer, but a variety of h^ite which nearly approaches 
the bituminous caking coals in composition, and termed pitch coal, is of somewhat small value to 
the gas producer. Caking coal, found in almost all the coalfidds of Great Britain, but chiefiy in 
the Newcastle and Wigan distriotB, is the chief material from which gas is produced. Cherry or 
soft coal, sometimes termed peacock coal, is similar to caking, but does not fuse when heated. 
Splint or hard coal, chiefiy used in metal making, smelting operations, is laigdy employed for 
the reason that it yields an excellent coke. Catind coal has been lai^y used for the manu- 
facture of gas, but the manufacture from this coal only has not been attended with commeroial 
success. 

As to the gas-producing power of the various coals, the amount of illuminating gas and the 
illuminating power depends chiefly on the proportion of hydrogen contained in the coal. The state 
of combinanon of the nydrogen may be said to be unknown, except that under the influence of heat 
the compound breaks up and recombines to form the gaseous combination of carbon and hydrogen to 
which the Inminodty of the gas fiame is due. There is always a residue of free hydrogen. (Smnd 
coal owes its value to the fact that it contains from 6 to 10 per cent of hydrogen. The oxygen 
contained in the coal must have some infiuence upon its illuminating quality, since it influences 
the quantity of the known illuminating gas carbonic oxide and that of carhooio acid. Oxygen also 
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detetmines the prodaotion of oxygenated oompomids in the tar, such as carbolio and oreajlio aoids. 
The gaa-piodnmng power of a ooal oan only he ntiBfoctorily aaoertained hy trial on a worldng aoale, 
although ezperimentB on a fimall eoale will yield a result sufficiently approximate to accuracy for 

Sraotical purposes. These testing appaiatus are generally miniature gasworks, in which about 
Ih. of coal are operated upon at a charge. BowePs apparatus, which it is unnecessary to illus- 
trate, consists of a Tertical retort fixed in an iron case, complete in itself without brickwork, beyond 
that required for lining and protecting the case. The oasmg is fitted with two fumaoe doors and 
frames m the cast-iron top plate. The retort, supported by a flange restiug on the top plate of the 
essing, is fitted with a vertical mouth-piece and coYer, removable for charging, and a side outlet 
for gas and other products of distillation. The retort is made conical in shape, fixed with the 
larger diameter downwards, so that the coke may readily leave the retort when the cover and disc 
plate has been removed, which is easily effected by a hand lever. The bottom lid or discharging 
door is fitted with a projecting disc plate, made to enter the retort so far as to receive the charge of 
coal above the toe rors, where the retort obtains proper heat The apparatus for purifying the 
gas produced contains in one vessel the hydraulic main from the retort, the condenser, and 
purifier, and the apparatus is completed bv a self-sustaining gas-holder, 5 ft in diameter by 
2 ft 6 in. in height, containing 50 cub. ft. Bugg employs a somewhat similar apparatus, in which 
the retort is capable of carbonuing 2*24 lb., or the i^^th part of a ton of coal ; in some applica- 
tions of this testing apparatus the case holder would become of inconvenient size but for an arrange- 
ment, devised by w. Mann, of meters of equal sise fixed one on the top of the other, the drum 
shaft of each being connected in such a manner that one drum cannot revolve without the other. 
At the back the inlets of both meters are oonneoted to the same pipe. Hie outlet in the lower* 
meter is conducted to a float of lights, and that from the upper meter led directly to the gas* 
holder. The capacity of the meters being equal, one-half of^the gas passing from the retort is 
led away to the float and consumed, while the other half goes to the gas-holder and is stored for 
further tiiaL When coal is carbonized at a temperature of 600°, a temperature at which the heat 
it only just visible in a dark room as a faint red, these volatile parts are nearly sU converted into 
liquids as tor or oil and water, with the evolution of only a small quantity of gas, equivalent to a 
few hundred cubic feet a ton of coal, the coke remaining in the retort being of a soft friable 
character. By this process the oil or tar fh>m bofdiead or other cannel coals, ashes, and bituminous 
substances is obtained, purified, and sold as paraJfin oiL As the heat of the retorts is increased the 
quantity of gas is increased, and at a temperature of 980°, the yield from a ton of Newcastie coal is 
about 6000 ft. At this temperature there is no practical accumulation of carbon in the interior of 
the retorts, and only slight deposits of carburet of iron in their exterior even after a year's operation. 
When the temperature is further increased a larger volume of gas is obtained, the quality of tiie 
coke improved with a smaller yield of tar, and at 1400°, a quantity of 8000 cub. ft. a ton of New- 
castle cosl is produced. Between this temperature and 2000° the yield is increased, but the ouality 
is somewhat lessened ; about 2000°, or at a dull orange heat is probably the best for the proauction 
pf gas and coke fipom oakinff coaL A higher degree of heat, while it produces harder and brighter 
ooke, reduces the quality of the gas. Above 980° the olefiant gas is decomposed and its carbon 
deposited on the walls of the retorts. This deposit is nearly proportional to the diameter and 
pressure of gas within the retort, but by reducing the pressure oy an exhauster or otiier means, 
the deposit, as far as that which is due to pressure is concerned, is removed, the residue being 
due to the ^ect of temperature. 

Oannel as a rule is more easilv distilled than caking coal, and gives off its gas in about one- 
sixth less time. With cannel the first hour of carbonisation is usually the most productive, but in 
the carbonization of caking coal, the second hour is that during which the greatest amount of gas is 
generally produced, durine the first hour the moisture converted into steam absorbs considerable 
heat, and condensable hjdrooarbons are chiefiy produced. When the final tempemture is high 
the coke is a grey colour and is hard, but is always porous from the passage of the gas through it 
The length of time required for extractiug the whole of the gas from any ordinary charge of coal is 
controlled by the heat of the retort. Amongst gas engineers there is considerable mfference of 
opinion as to the method of operation in carbonization, some prefer small charges of short duration, 
in this case the labour is proportionally increased, but excess of charges give a low productiun of 
giis ; as a general rule, in dosing the door of the retort the gas should issue with a vivid fiame, if 
wis is not the case the temperature of the retort is too low or the charge is too heavy. Gasworks 
properly constructed with a production of 2} millions cub. ft per annum, should sell 25 per cent, 
of the ccJce produced when making 20 millions cub. ft., 60 per cent Hany of the En|lish 
companies sell 81 to 83 per cent of the coke they produce. 

To furnish sufficient temperature for carbonization a draught of air to the furnace is necessary, 
and if tiie fiame issues from the sight holes of the retort setting, there is either an insufficient 
supply of air by the damper beiog too far closed or the lateral flue is stopped. If the whole of the 
beds are similarly affected the main flue may be blocked, or the shaft of insufficient capacity ; the 
fire bars of the furnace should always be kept clear to allow the free passage of air to the fueL When 
ordinary coke is used a slag or dhiker requires removal about ouce in every twelve hours, and the 
bars should be cleared at intervals from beneath by a pricker. To economize fuel in the fumaoe 
a sufficient damper control is necessary to prevent waste from too great influx of air. Goals 
intended for gas-making should be kept from the rain. Cannel readily dries when placed before 
the fumaoe ; the slack coal oontains moisture for a long time. When coals are placed in the retort 
in a wet state, the steam produced not onlv absorbs heat, thus increasing the production of tar and 
lessening that of gas, but it adds to the sulphur impurities by its own decomposition in presence of 
protosnlphuret of iron. To prevent loss of neat b^ radiation the retort house should not have too 
manv openiugs, and all these with the exception of^the doors should be above the level of the retort 
benches. The walls forming the backs of the settings and the end walls should be not less than 
2 tL thick, including the firebrick facings ; the arches should be protected by 18 in. of common 

2 X 
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brickwoA on ths top of the orown. The lateral and main flue* abnnid be enoInMd on Ihelr topi 
and Btdea to a thickneu or 14 in., than which the froet walla oF the settingi ahonld neTer be leai. 
Bight boiea, which are only nocesetuy for the obsetvatlon of temperature, when nud with cU; 
retorts, should not be in excess: two for a bed of Ave retorts are raffioient slid sbonld be of H ia. 
or 3 in. diameter, their pluKS being filled with flredn;. All beds vhea not in use and near retorts 
in operatioD ghould be bricked up, and the retorts have a 9-iDch wall bnilt within their months, the 
funiaae bar and nah pan should bo aimilatlj closed, and the dampers fixed and luted with fireclay. 

The Slit proneaa of gaa manQfacture ia the carboalzatioa of the coal, which is efiiected, as haa 
been described page 1610 of this Diotionair. in rotorta. The bunch of retorts in large gasvorka ia 
nauftlly placed in the midJle of the retort honee. Tlie retorts are built in otodb or setting!, and 
are generallj preferred open througboot their length with mouth-piecea at both ends. The first 
process is the beating-np of the retorts, bv farnaoee, one at c»cli end in front of the bench. Theae 
are cliarged, and the beat kept up with the residual cake after ttio ooal has been oarboniied. 

Sometimes, but principally in cannel gnsworka. a quantity of tar u introduced abore the fnmace 
to assist the coke ; another way of applying tar is by running a slender etream in the oentre of tho 
bench. An air fine most be carried in the brickwork to the place of combustion, so that tlie tar 
may be properly oonanmed. Tar is. however, generally found superfiooua for ordioaiy beBta, and 
is only need when it ia neoeasary to abarg« the retorts more frequently than eiery six houra The 
Same and hot diaaght of (he fomacea ate c«ased to circulate throughout the siting, tiareraing aa 

Ct a space aa poesible, round, under, and above the retorts before egre«s is allowed to the main 
Eiaporating chambera, where the wet lime, when foul, is mn Som the purifiers, are nsnally 
' bnilt in conneotian with the main fine, and the beat tfane utiliud to rednee the lime to a polpj 
mass, used for luting the retort lids. 

'Hie relorta wlien sufflciently heated are obarged at each end with a sooopfbl of tntnminoai 
eoal, after which the lida are screwed up. and the process of distiilatitm oommeuoes. 

Light oarburetted hydrogen, free hydrogen, ammonia, and other light gases, are rapidly erolTed 
during the first hour of the cliarge ; and, following these olefiant gases, mixed with some' of Iba 
heavier imparities, gradually begin to rise towards the latter hours of the distillation. Oarbooio 
acid, sulphur, and other heavy vapoura, are freely given ofiT, so that it is at all times false ecoDom; 
to protrslol the dislillatioo beyond tbe ordinary period ; the additional coat of patifying- materiu 
and extra labour, besides depreeiation in the quality of the gas, more than counter balauoing any 
extra quantity that may be obtained. To define the time for distillation is, however, practically 
impossible. 

Seven retorts in a bed is the Dnnber stated to oomUtie moat profitably the saving of fnel with 
produotioD of gu mannfaotored vhen asing ctHnmon bltominona coal. Figs. 1363 to 1365 are 
a front elevation, transveree section, and longilndinal aeotion reripeotivelj, of auob an arrangement. 
In eannel works tbree to five retorts are a maximum, bnt in these much higher beats are required; 
the retoria being charged oflener, the heats are more diflloult to maintaio. 

Tbe advantage* <» fireclay and iron as materials (or retorts were long diseiuaed among gaa 
engineeis, but fireclay gradually gained fiivoor, and ia almott aniveTHlly adopted. 



Bound, fiat D, and oval are tbe abapea employed, and each haa its advocates. 

Plat D retorts have a more extensive and e<(aal heating anrfaoe than the others, and on that 
•ooount are supposed to produoe a larger quantity of gas a ton of couls carbonized ; bnt they are 
•eldom found to expand and contract equally, ani^ however carefully protected, the oomer next the 
ftmaoe invariably ancoumbt to the fire. 

Bound retort* contract and expand equally, and are always found to ba more durable, hot if 
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nude of a krge nw do not pre good imilti in oarbonizing. Thejr are generally, for oonTenienoe, 
tet with others of the oTal ehkpe, and (heee baring the adTantafs, trom their totm, at a larger 
beatiiienirfhoe,ooiiibiiiedwlth the itrangth of anaxch, and r^ulanty In expsnaiou and oontraotiaa, 
mannfictora moie gas a toa than the tonud, and are nearly aa dnrable. 

G^y ntotia, wtoi flrit heated, have a tendency to maok, oaosed partly by expansion, partly by 




the flxpnlaion oF raponr from the olay. The effect of eipaniioQ cannot be avoided, but jqinry fiom 
the ezpulaion of moiBtoia mav be almost eudcely prsTented by a alow and careftil proosM of beating, 
In which caae the retorts will gradually acquire their intended colour wilhont p^tieptible damage. 
Similar eantioa ought aUo to be exeniaed in oooting down when the oven is no longer required lor 

2x3 
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the seasoD ; contraoiion if allowed to take place too saddenly, being most deetmetive in its effeota, 
and great care ehonld therefore be taken by closing np eyery aperture by which air can gain 
admittance after the firee haye been withdrawn, to sustain as long as possible the dead heat that is 
inside the bench. 

Figs. 1865 to 1369 are sections of retort settings generally adopted. Fig. 1866 is the method of 
setting retorts at the Chartered Gasworks ; Fig. 1364 the method at the Oommercial Ghiaworks : 
Fig. 1369 at the Imperial Works, St. Panoras ; Fig. 1367 at Gasworks at Valparaiso; Fig. 1368 at 



1368. 
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Westminster; and Figs. 1370, 1371, are of Henderson's superheated steam retort The object 
of this latter arrangement is improyiug the quality of the gas by the decomposition of the tarry 
yapours. The retorts are of iron, cast with a double bottom, so as to leaye a space of about 1} to 
2 in. between the bottom on which coal and creosote are placed, and exposed to the fire. In this 
space an iron steam-pipe is placed, { of an in. diameter, screwed into the bottom of the mouth- 
piece, and extending nearly to the back of the retort A similar pipe is connected with the boiler 
of the steam engine, but placed in the upper part of the main fine, so as to be exposed to the 
waste heat fh>m the retort furnaces ; by thi^ means the steam becomes highly heated before entering 
the retort. The steam on issuing from the open end of the pipe at the back of the retort acquires 
additional heat by passing oyer the surfaces of the bottom ci the retort On reaching the front it 
comes in contact with the yapours and gases generated from the mixture of coal and creosote, which 
are carried away by a pipe at the back of tlie retort. In Ifuge works, and with day retorts,' the system 
of through setting, with double mouth-pieces, is the most economical, both for fael and durability. 
But this* arrangement is open to objeciion. If Hie retorts are used for the generation of pas of 
high illuminating power, tne increased surface oyer which the gas passes after it is eliminated 
from the coal, exposes it to the probability of decomposition, and the consequent deposition of its 
carbon. That this action occurs is observed from the amount of solid carbon, or graphite, found on 
the inner surface of the retorts. In through retorte this deposition is due to two causes ; in 
charging the retort with coals, either by the scoop or shoyel, the centre of the retort seldom receives 




{>ressure in the two hydraulic mains ; a slight resistance causes more gas to take the course offering 
east obstruction, and as the particles of gas thus pass over a larger amount of heated sur&ce, they 
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ue opoMd la the gteatei tlik of deoompnitioD. Bereial expedienta hvn been niggMtad u B 
remedy; one ii to nae a nlve to each asceoiion pipc^ bo u to dupenw with the dip-pipe when the 
retort IS working; aiiothei ia to hare onlf one bvdrsalio mftiu, plloed over the centre of the oveiu, 
and both mooth-pieoet oooneclcd to It by a aingle dip-pipe. 

The material ot whioh tbe retort U made, will exert a toij important indoenoe on the prodnc- 
tioiiorgasorbi|[hilluii]ii]BtinK power. 

The high temperature at whioh clay '"•• 

retorts are worked tends to produce 
a very laree qoantity of oarbooio 
oxide and bydtogeu, by tbe deoom- 
pooilion of the oliflant gat and bydro- 
carboD Tapoura. It it Ireqaeutly 
anerted that by the oae of richer 
caosel eoala, Uie esceea of dod- 
illaminating gaa i« rendered highly 
Inminont, by becoming eatnrated witn 
tbe bydrooubont giren off ttota the 
rioher coal; bat tbia ia oolj true to 
a limited extent, for the mixture 
ondergoee rapid deterioration, coo- 
Mqoent on the liquefaction of a large 
portioD of theee hydroearbon Tapooia. 

Belorta are new obarged and dis- 
charged meohanicslly. In J. West's 
flrst arrangement, tbe charger, Ftg. 
1S72, ia a wrougbt-iron carnage ran- 
ning on wheels W. The oarriaee it 
partly open at the top T, aniT tbe 
bottomeontisttof a plate dirided into 
anamberof parts of eqaal width. Be- 
neath the bottom there is a second 
sliding plate, baTine parts of tho same 
width aa those of the charger, so that 
aooording to tbe pcutlon of the sliding plate, the porta mey he opened or cloaod. At the front of 
the eban^er, there ii a conpling arm, for the attachment of a long rod. This arm is free to 
nTolfe, aod has affixed to it a bevel wheel, gearing into a second bevel wheel, whiob is 
-"--'--' •- a <zaiik actuating tbe port slide. A half turn of the aim rafBoet to more the slide to 




the required extent to cover or to ancover tbe bottom ports of the charger. The wheels are ser- 
fated. Tbe object of tbla is to seonro a slizbt vibratJou of the chareer when muning, and the 
certain delivary of the ooals. The mode of dischargmg has however been altered in more recent 
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A tiollr T, Fig. 1372, fanned of ft tanewoA of wnvght inn, wfth nmiMn B, tcsTeb mwn nib 
1^ Id boot <^ tho Mian beoehea. Thw boU; MtriM » hopper, ud tUdiiiK itage S, which nuy or 
may not be •ttacbcd to eaeh other, nupendedtnr eliaiiu earned to ftwlnding dinin D, ao a< to be 
eaiUj and azpeditioniljr a^joated bj the wheel W, to the height to snit relorta at diffarent eleratiom 
The bottom of the hof^ier terminBtea in a lectangolar ahoot of nearly the nme lengtli ■■ the 
apaoe T, at the top of the charger. Thii (hoot is fitted with a foni-bladed loUer, the tpindle of 
which projecta through the end of the ahoot, and ia prorided at H with a handle. The trolly ia 
taored aloDg the nila by toraing the piopelling wheel P, which rotates a piaion gearing into a 
apnr wheel affixed to the shaft of two of the rtmiierB B. Attwhed to the back of the ata^ then ia 
a drawbridge B, which spans the a[ace between the atsge and the retort nwath-piece, and la lowered 
or raiaed by a rod. 

The charger being placed npon the aliding aiam and the latter adjnated to fmit tlie elBration 
of the retorts to he charged, the handle U is tnmed a few timea, and the ooals lall ttam the hopper 
and fill Uie ohaiger, to which hoi previoiuly been attached a long rod with a uros handle. The 
bridge B ia lowered, and tbe chuger driTen by one man to tbe bade of the retort ; a half turn 1* 
then given to the handle, and the bottom ports are opened, the charger is drawn forward, and by 
the time it reaches tbe month-piece will have deposited the ooals it contained in an even layer 
about 3 in. in thiclmes upon the floor of the retort When the chai^er itoobea the stage, the 
bridge ia r^sed, the trolly moTod on to tbe next retort, and tbe operations are repealed. 

Fig. 1373 is of Weet* appantna for drawing retort ohargta. A cnrred arm is welded near to 
the end of tbe drawing rod, and to this ia attached a kind of alipper 8, ao that when piuhed into 
the retort tbe alipper takea an easy bearing on the coke. The nke consiita of a aamiHliM D, of 



nearly the width of the retort, napended freely npon tbe onrred end of the md, w that it alwaya 
tianga in pontlon. When the rake la poshed forward the alipper B ia of oonrse downwarda, but on 
reaching the back of the retort a half-tnm of tho rod, B, B throws the slipper npwarda, and altowa the 
rake to fall into poaition for drawing, while any tendency on tbe part of the rake to rise and alip 
oTcr the coke is checked by the immediate contort of the slipper S with tbe roof of tbe retort. Tba 
rake rests tm abeavea P attached to a light framework of iran F, forniahed with wheels W ao as to 
ran on the same rails as the trolly. The sbeaves are Bttacbed to slidf« B, which are anapended 
from a chain passing over the pufley E to the dram X, which is fixed to tiie fiont of tbe frame- 
work, and turned 1^ a worm and wheel Y. 

Fig. 1374 is of Bmt and Bolden's maohine; to suit it the retorts are arranged so that tbe months 
of three can be opened and abut at once, tbe doora being at the sane time constructed so as to St 
Ughtly wiliiont luting. In front of the benches, and along tbe whole length of the retort honae. 
raila are laid down upon which tbe carriage carrying the machinery moree. A strong framework 
of liDnbeama snppoitttbe ateain eneine and the rest of the appatatoa, the eni^ne being of the kind 
used for ateam cranee, and haiing the different wheels and ban Jlea for giTine motion and reverao 
motion to all the Tarioua parts. The tiBTelling of tbe carriage to and fro, and the whole labonr of 
the machine is worked by the engine, which is nnder the control of one man. At ri^ht angles to 
the line of rails in tbe retort honse, and parallel to the length of the retorts, two email carriage* 
toavel on the framework of the machine. Tbese carriages are side by side, one of them carrying 
three rakes, and tbe other three scoops. Above the machine is a large hopper for containing tbe 
coal, and li^ means of traps or valtrea the three scoops can be simnltaneonsly filled with tbe proper 
quantity of coal. The machine having been brought to a stand so that the three Takes an opposite 
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the door of three retorta, the door is opened, and the cradle carrying the rakea Ib propelled forward 
by means of a pmion and chain. As the rakes enter the retorts the flaps at the end are horizontal ; 
bat directly they reach the extremity of the retorts the flaps are, by means of a screw, brought 
down into a vertical position, and at the same moment the rakes rapidly recede, and draw with 
them the whole contents of the retorts. The machine traverses along the rails till the cradle 
carrying the three scoops is opposite the retorts that have just been emptied. The scoops having 

1874. 




been filled with ooal from the hopper are, in their torn, thmst forward, and by a self-acting move- 
ment at the proper moment inverted, and they deposit their load evenly from end to end of the 
retorts. They are then withdrawn, the door is closed, and the nuushine moves forward to repeat the 
operation. 

Holdein's charging machines, Fig. 1375, erected at the Beckton Works, are driven by an endless 
wire rope from a stationary engine at the end of the retort house, and each machine consists of a frame- 
work mounted on wheels supporting carriages, to which are attached three r^es and scoops. The 
rakes and scoops can be swung out at right angles to the retorts, so that only one or two may be 
charged or drawn ; thus any one of the three may be left for scurfln^ or repair, while the other 
two in the same flle may be at work. This machine does not carry its own ooal, but the scoops 
have to be filled by hand ; arrangements can be made for filling them from a shoot at the back of 
the stage, the scoops swinging round to receive their charge of coal, and back again to deposit it in 
the retort. The month-pieces are closed singly, and have one ascension pipe to each. 

Various descriptions of materials have been proposed for the formation of mains for gas, but the 
only description of main besides the cast iron which has met with any degree of success is formed of 
leaded sheet iron of a thickness corresponding with the diameter ; for the smallest kinds the sheets do 
not exceed Na 20 B. W. O. in thickness ; whilst the largest are 18 in. diameter. No. 16 gauge. When 
made the sheet is cut to the desired length and width, and formed cylindrical by passing through 
rollers ; it is then riveted and soldered along the seam, when correspNonding metal screws composed 
of lead and antimony are cast in suitable moulds at each end of the pipe, and are afterwards soldered 
tliereto. Each pipe is then tested by hydraulic pressure in order to detect any leakage, after which 
it has a coating of hot pitch both inside and outside, and completed by a layer of asphalt intermixed 
with fine gravel of about }-in. thick over its exterior. 

When laying these pipes, a hempen washer dipped in tallow is placed on the flange which forms 
part of the screw ; they are then screwed np by means of a short wooden lever with a cord which 
passes around the pipe, answering the purpose of the ordinary gun-barrel tongs. To attach a service, 
the asphalt is chipped off from the part, ahole b bored in the main, and into this is inserted the end 
of the lead pipe constituting the service, which is then soldered. This effected, the asphalt is heated 
and replaced on that portion of the pipe where it was chipped off. 
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The gai maim almoet nniTomU? adopted m out iron, and they ua nnqneatlaiiablj pnfanbla 
to all others. 

The diameten of m»iti» vOl depend on the qwuitity of eu required to be delivered bj fliMo, 
together with tlieir length and podtioD »« regMdi level. A main aaoending from the mm will 
deliver a greater qnastit; than another on a level, and itiU more than anoth«9 which denenda, 
HDce Tor eveiy 10 A. of Inoreased height above a given point, the gu in the main, in oonieqaenoe of 



il« low ipeoifio gravity, aoqnitea an inorease of abont one-tenth of piewore. Thn« if we nippMa 
at the wotki a pretanre of flve-tenthi to exist in a main from which thete ii do dran^t, tfaeo at a 
point 100 ft. above, the preMoiein the lame main will befineen-tentha,ori( weimagtnea preaniM 
of flfleen-tenths at the workt, then at a point 100 ft. below there will be bnt flve-t^tha precMns, 
Henee the delivery ondei the two ooDdltionB Ii aooording to the mom prestnre vtilhin the mtdni, 
and in oertain looaiitiBt, wl>ere the worka are mnoh lower than the town mpplied, the ni can be 
delivered in the day time with fooi or flve-tenthi eihaiu^ aooording to the di0 



Tablu I. ii of the welghtt of maioa aa nanally employed, bnt a« the pipea of diflerent 
tnrera vary in thickneea, the weights most therefore be eonsidGied bb api^ozimative. 

TABLI I. — WnQBl* MD liEHflTHa OT CaVT-IbOH UAtm. 



When laying aervlcea, all the holei in the mains shonld be drilled pievionily to beiiu: lApped, t^ 
which means the work is done in a proper manner. The olmnsy method of gouging ue liolea haa 
Iteqnently oocasiooed serioiu loss. 

The cariranooeoui oruit, a deposit frMn the gas, that adheres flrmly inside the retorts, is the nsnsit 
'>f fieqoent aunoyanoe in all gas mannfaetoriea. This ia foriDed by deoompositim of a portka of 
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•the'oarlmTetted hydrogen in its raasB^ along the heated rides of the retorts to the asoenrion 
pipes, and the formation is greatly assisted by the pressure generally existing inride the retorts, 
which oannot be obviated except by an exhauster working at a vacuum of higher gauge than the 
seal of the dip-pipes. The formation of carbon is beneficial so &r as it conduces to fill any cracks 
that may have bom caused in heating up; but when it accumulates to such an extent as to per- 
ceptibly reduce the heating surface, ito removal is n< 



Scivfing or burning out is the process adopted, the Uds being removed, and the atmosphere 
allowed to circulate freelv in the ret^ thus causing the carbon gradually to consume until, being 
slightly detached, a hold is gained for the scurfing-irons, by which it is ultimately, though often 
with great diiBoulty, removed* A blast or &n is sometimes employed, by means of which a current 
of air can be directed against any part considered most vulnerable or of greatest sdvantage for 
action with the scurfers ; and the carbon is thus burnt away in a much*shorter time than when left 
to the ordinary action of the atmosphere. 

Another frequent diificnlty is the choking or stoppage of the asoenrion pipes. The causes are 
generally to be found either in the pipes being too small, the irr^^lar or improper charging of the 
retort, or the formation of the kim allowing the heat to circulate too freely m the nontl The 
main fine should be large and easily acoesrible. The chimney should be in such a porition as to 
draw equally from both ends of the liench. 

Pipes connected with the mouth-pieces, called the ascension pipes, conduct the gas to the 
hydraulic main. This is a large pipe^ nearly filled with water, into which the ends of the pipes 
mm the xetorte are made to dip, and oy this means form a seal by which the ^ is prevented from 
finding its way back, either to those retorte that the workmen mav be recharging, or to other parts 
of the bench that for the time may be out of action. Wrought iron, in preference to cast, is 
generally adopted in the manu&oture of new hydraulic mains, ite lightness, strength, and elasticity 
enabling it to withstand better the alternate and unequal heating and cooling of the bench ; this 
strain affecting, by expanrion and contraction, not only the main and its suppovts, but also the 
pipes in connection. The size of the main and depth of hydraulic seal are both directly dependent 
on, and ought invariably to be determined by, the number and area of the dip-pipes ; the greatest 
amount of back pressure when Uie apparatus is in full work, should the exhauster be suddenly 
stopped, or require to be dispensed with ; and the largest quantity of gas intended to be passed 
from it an hour. 

When the main is hung in front of the bench it is found that, unless sufficiently &r removed, 
the fiame caused by drawing the charge acts strongly up<m it, heating it to a much greater degree 
than when supported at the back of the ascension pipes. This heat boils the tarry fluids inride to 
a pitohy mass, and in cannel gas works, when a large quantity of ter comes over with the gas, 
causes oonriderable trouble. The remedy is to romove the main further from the strong heat of the 
bench ; but where this is difficult, or unadvisable, the tar is withdrawn as completely as posrible 
from the hydraulic main, leaving in ite place the ammonia liquor, which is here plentifully 
deporited. and on which the heat nas no other effect ihan to cause evaporation. A simple method 
is, insteaa of allowing tar and water to overflow with the gas, as is usually the case, to attach a 

Sipe to the bottom of the hydraulic main, and carry it up with a bend outride to the level of the 
uid that is inride the main, when the tar, being specifiofdly heavier than tiie water, escapes ih>m 
the bottom, overflows at the pipe, and leaves the seal inride still at the proper leveL But by 
leaving this pipe open at the over- 
flow, awkward consequences might ^^^^ 
ensue, and it is necessary to make a 
counter connection from the top of 
the main, which, allowing a free 
circulation of gas in the pipe, pre- 
vents riph^ning. 

The condensation of tar and am- 
moniacal liquor, which commences 
immediately after the gas leaves the 
retorts, renden it necessary to provide 
some place of deporit where the over- 
flow of the hydraulic main and other 
places may be stored. The tar wril 
IB usually a brick or cast-iron tank, 
into which a branch pipe from the 
main is inserted ana sealed in a 
stetionary lute at the bottom. Still 
further to separate all condensable 
vapours before allowing the gas to 
pass to the puriflers, a set of con- 
densers or coolers is provided, through 
which the gas is made to ciroulate 
until it is reduced to a temperature 
bearing some approximation to that 
of the surrounding atmosphere. 

As has been described in this 
Dictionary, condensers in most oases are formed by rows of upright pipes resting on a chest at 
the bottom, which acto as a receiver for condensed matter. Sometimes the pipes are concentric, 
as in those shown in elevation, Fig. 1376, the gas pasring in the annular space, and the centre 
is either open to the atmosphere or supplied bv a oonstent run of cold water. Another very 
effective condenser is simply an oblong narrow chest, the width being no greater than the main 
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pipe by which it is supplied. It is usoally set up on its narrow base, and the inside divided by 
partitions of wood in such a way as to make the gas traTerse seyeral times through the entire height 
oefore making its exit at the opposite end to that at which it had entered. The face plates are 
thickly studded with sockets, through which 2-in. pipes are passed and t^htly pointed at both 
sides, and these, breaking and retarding the gas in its passage, and bebg kept cold by a draught 
of air continually passing through them, expose the gas in a comparatiyely limited spaoe to an 
immense area of condensing surface. 

Ten sq. ft. of surface for every 1000 cub. fl manufactured in twenty-four hours, is generally 
recognized as sufficient for condensation ; but strictly, oannel requires greater condensing area than 
common gas. Without attaching too much importance to this part of the apparatus, it is still 
essential that some approach to a deflDite proportion should prevail, as condensers of extravagant 
proportions, add unnecessarily to the ooet of the works. Insufficient condensing sur&ce is, however, 
the cause of continual waste, as the valuable tar oils are carried forward either to the waahera or 
purifying vessels. 

The average proportion of impurities requiring to be removed in gas made from Newcastle 
common ooal, consists of about 1) parts of ammonia, 8 parts of sulphuretted hydit:^n, and 25 parts 
of carbonic acid, in 1000 of gas. A variety of other suostances, generally different combinations of 
tlie same bodies, are also present ; and one of these, the bisulphide of carbon, has hitherto defied all 
practical attempts made for its removaL 

Bowditch has devised a method of removing this offensive impurity, by passing the gas through 
an ordinarjr purifier filled with heated lime and clay ; but although successful on a small scale, the 
efficiency m large works is doubtful. Leigh states the quantity contained in 100 cub. ft. of gas to 
be from 13 to 109*8 grains, a considerable variation, but easily accounted for by different qualities 
of coal. Leig:h describes a process of obtaining from gas Uquor, sulphide of ammonia, which, 
when brought in contact with the ^[as, was found to combine with and remove the greater portion 
of the carbon sulphide. Ammonia is the first in the order of impurities which requires removal, and 
this is usually accomplished by employing water as an absorbent. 

Ammonia as it issues from the retort combines with, and is pertly neutralized by, the ceibonio 
acid and sulphuretted hydrogen which accompanies it ; and being saturated by the watery vapour 
of the coal, becomes condensed in what is known as anmioniacal or gas liquor ; out as, after passing 
the condenser, a quantity of the ammonia still remains with the gas, other means for removal must 
be adopted. 

This knowledge of the affinity possessed by water for ammonia has been taken advantage of for 
the purpose of removing that impurity from gas and rendering it a source of profit. The most simple 
means for this object is the washer, a vemel divided by a perforated plate, and half flUed with 
water through which the gas is forced. 

In the washer invented by Q. Livesey, the orifices are each about the tenth of an in. in diameter, 
of which there is a great number ; hence by these means the most minute particles of the gas are 
subjected to the infiuenoe of the water, the result being that 25 gals, of 10-ok. liquor are obtained 
from every ton of coal carbonized. 

A system of washer has been invented by Gathels, wherein the gas is caused to pass through 
long narrow channels, situated just beneath the surfiEu^ of the water ; eonsequently fresh surfiMes of 
each globule of the gas in its transit are brought into contact with the water, by which the ammonia 
is eliminated. Three of these vessels are placed at different elevations, in order that the liquid of 
the second can fiow by gravitation to the first, and that of the third to the second washer. The foul 
gas enters the lowest, and passes off at the highest vessel, which contains comparatively pure water. 
Hence the main object of all washers of modem construction is to bring the gas in the moet 
minute particles into oommunicatlon with the water, so that the ammonia may be absorbed. 

By washing in this way, however, a quantity of the oily hydrocarbons are also absorbed, and 
the additional pressure necessitates an increased power of exhauster. 

Scrubbers effect the same purpose, thev have separate divisions, are charged with coke, bricksi 
drain pipes, tiles, thin boards or other substances, presenting a larf^e surface to the action of the 
liquid and gas, according to the judgment of the engineer ; but coke is most generallv employed. 
When in action, water is allowed to enter in a limited stream at the top of Uie soruober, and is 
distributed over the area by some mechanical contrivance, or other means, and in descending, per- 
colates through the coke, thus presenting a large area of wet surface. 

Although the purification of gas commences at the hydraulic main, is continued with the con- 
denser, and further advanced with the scrubber, the vessels which eliminate the sulphur compounds, 
carbonic add and sulphuretted hydrogen, are particularly known as the purifiers. 

Fig. 1377 represents one out of a set of purifiers in connection with a central valve that allows 
the gas to pass into and out of each in succession. The bottom is formed of twelve iron plates with 
flanges of about 2| in. wide and secured by bolts and nuts 6 in. apart, strengthened by brackets 
placed between them, tlie bolt holes being oast in the flanges midway between tne brackets. Around 
the edge is a corresponding flange, to which the vertical plates forming the sides are bolted, which 
plates are put together witn lap plates, the whole of the joints being made with iron cement 

When in action, the gas to be purified enters into the centre of the valve ; from there the gas is 
conveyed into the first purifier of tlie set ; when, after passing through the lime or oxide, it retunis to 
the valve and passes to the second, and so on, eventually fiowing to the store or gas-holder. When 
in the course of time the material in the first purifier becomes ineffective, this is thrown out of action, 
and another brought into use. Test taps are usually placed on the covers of the purifiers^ and are 
generally ^th-in. cast iron, as brass corrodes very rapidly ; but when the purifiers are not divided 
m the centre, test taps may be placed midway in the side of the purifier, so as to ascertain the 
purity of the gas before passing tliroueh the hut apparatus. 

In order to determine the magnitude of purifiers, the first consideration is the maximum daily 
production of Hie works for which they are intended, and as gasworks invariably increase in 
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importanoe, it is always adTiaable to make the apparatus of ample magnitude. The maximum daily 
mskke beiDg ascertained, the general rule in small and medium works is to allow a purifying area of 
1 sq. yard for each 1000 ft. of gas, 10 sq. yards of grid a ton of coal carbonized in the twenty-four 
hours. This with four purifiers, three of which are always in action, gives 7} sq. ffc. of active surface 
a 1000 feet maximum production. 
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No gasworks, even of the most limited capacibr, can be properly conducted with less than two 
purifiers, each of which in very small works should be subdivided and connected, in such a manner 
that the gas in passing ascends through the purifying material iu the first compartment, and 
descends Uirough that in the other; one purifier being in action whilst the other is t>eing charged 
ready for use. 

By the combined action of the hydraulic main, the condenser, and scrubber or washer, the whole 
of the tar and ammoniacal liquor, together with a portion of the carbonic acid and sulphur com- 
pounds, are, or at least should oe, eliminated from the gas ; but there still remains the larger portion 
of the two last-mentioned impurities to be removed before it is in the condition to be delivered to 
the consumer. Gas can be considered commercially pure, and in the ordinary sense of the term, 
free from all noxious elements, when, after a lengthened exposure to the usual tests for carbonic 
acid, ammonia, and sulphuretted hydrogen, no indication of these impurities exists. 

As alr^idy stated, tiie most perfect system of purifying gas is by means of wet lime, or, more 
properly speaking, by the solution called the ** cream of lune," and although the odour arising 
from ^e foul material, after being employed, is sufficiently offensive to prevent the adoption of 
this mode of purification under ordinary circiunstances, there are, however, localities where the 
isolated position of the works permits of its application. 

For this purpose three purifiers are generally employed, somewhat similar in construction and 
action to Fig. 1^7, but so situated that, when desired, the liquid in the highest can fiow to the 
second, and from there to the third. 

Vessels are provided with agitators, actuated by the bevel wheels on the top of the axles, driven 
from a steam engine. Thus, by the mechanical action of the agitators or stirrers, the lime is 
always maintained in a state of solution, and as the gas is caused to pass through very contracted 
spaces, it is broken up into small particles, and these, coming in contact with the lime, the impuri- 
ties are absorbed. 

Although the purification by wet lime is efficacious and economical, there exists the difficulty of 
disposing of the foul material, technically called ** blue billy." Of this a portion may be employed 
as luting for the mouth-pieces of retorts where that is used, but there still remains a large quantity 
which yields a most offensive odour, and in consequence is extremely difficult to dispose of, but 
wherever this can be effected, and the works are distant from any population, the wet lime process 
may be adopted with advantage. 

In the next method of purification by means of dry lime, the moistened hydrate of lime is placed 
on the sieves or grids of the purifiers to a thickness of 3 or 4 in., the whole bemg well and completely 
covered and of uniform Uiickness. Some purifiers are subdivided, thus the gas has to ascend and 
descend through the lime, passing as it were through six distinct purifiers, although but three are 
employed. 

It is generally accepted as a rule that a bushel of quicklime, which, when sluked and rendered 
into hydrate, increases to about 2| times its original volume, is sufficient by the process in question 
to purify the gas derived from a ton of coal. This, however, must greatly clepend on the quality of 
the lime, for there are some descriptions which contain a large percentage of clay ; and although 
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•dmiimbl; adapted for the mBnnfMtiiTe of hjrdnulio oenmt, they mn ill mited fen the pnziAiaUoa 
ofgaa. 

Another eoiuiderstioD is, that wme ooali oont^n oouaidembl; moM Bolphnt oompoinids tbui 
others, therefore do genentl rule emu be defined; hot when properly treated, uid the lime erf 
BTerafe qnslit;, the quantities stated alike for wet as dry lime, msj be aeoepted m ft good ftpproxi- 
nuktioD to that required for the purification of gse. 

In the ordinaij method of purifjiog, the tool gai U admitted first into the purifier the mo*t 
impregnated with imparity, tbenoe it passes to the second, and to to the third, where the lime it 
comparatively clean. When pnrifiers are of ample maguitade, the foul lime if properly moiatened 
remains an active agent in the pariflmtiiiD to the last, therefore it is only when the goa begins to 
indicate signs of impnrity at the fifth division, suppoaing itz divisions of pnrifiers to exist, that 
the; shonld be ohannd, and by the employment of apparatiu of ample capacity only can the lime 
be employed to the beet advantage. 

The saperiorit; of the diy-lime prooeas oonsists in the Gkcta that hj it the pretatu« in tlie retoita 
is materially deareaaed, which ia a great conaideration in small works where the eihanater la not 
employed, and the fonl reddnom ereatea no partioalar uniaance when moderately distant from habi- 
tabona, and fa readily diaposed of IbragTiaaltaralpnrjHieee; whiIgtbjthlaprooeae,aa withtfaeother, 
sdl the variona impuritiea of the gas con be eliminated. 

Tbe chMpeat SJid leeat expensivematerial tbrtbapnrpoee la however oxide of iron, whiohianaed 
•lightly moistened and oharged in mnch thiokei layers than lime, but to what degree mnat depend 
on its nature and weight, together witb the size of the purifiers. lie thicker the layer the better, 
BO long aa the pressure is not loconvenieDtly jacreaaed. When taken from the purinera, the qient 
oiide DM a dull black jinrple ^tpeaiance, and ia then laid a thickneas of a or 10 in. on the ground 
for the purpose of revivification, oeing oocasionally tnnied over and broken np &om day to day, in 
order to expose all its partiolee to the action of the atmoepbere, and when it remmes its original 
oolonr it is suitable to be again employed. Preah oxide has a tendency to ignite when flnt 
used, for thia reason only a portion of new matorial abonld be intermixed with the old aa occaaion 
may reqnire. 

Difierent engiueera employ difierent methods of purification, but in the majority of works lime 
la need for the purpose, either as the cream of lime or the hydrate of lime, properly moistened, by 
either of which prooessee the whole of the impnritieB can be removed so Uiat the gas is rendered 
eonunerelaUy pure. In other works the nse of lime is auknown, the purification being effected by 
the oondenser, aombber, and oxide of iron ; and in a few oasee the carbonic acid is eliminated, ao far 



as practicable, by means of the ammonjacal liquor in the aorabber or washer, and sometimea a 
oentage of cennel is employed, to compeuata for the deterioration of the gaa by the presence ot a 
small quantity of carbonio add. Again, in other establiahments, ttie anlphate of iron and lime are 



exoloairely employed. 

Then, as regards the ammonia ; '"«*"'< of eliminating thia in the waalier or aombbeT, the gaa 
ia caused to pass through an ordinary purifier, oharged with breeie or sawdust, aatotated with 
dUnte sulphuric acid, bnt used in a aiy state, a process to be recommended in small works, bj 
which the reaidunm may be preaerveaand rendered a marketable commodity, bnt in wcaks of 
20,000,000 ft a year and npwarda the aorabber or washer, or both combined, shonld <»liinin|ito the 



Again, the method of purifying in some eatablishments is reveraed. Instead of the foul gaa first 
entering the foulest purifier, it is caused to pass into venels celled carbonaters, contaiaiDg elean 
hydrate of lime, by which the carbonic acid is abaorbed, and from thence the gaa paaaee into 
other purifiers, aantainiog the sulphide of ealcinm, and aobeeqaently to the oxide of iron pnrifio^ 
to eliminate the remaining aulphorettad hydrogen. This prooass, although eSbotive, is very costly. 

Fig. 1S78 ia a seotion c^ a tank and gaa-holder, the latter having a single lilt and being 70 fL 



The larger the dimenaiona of a proposed gaa-holder, the more cheaply it can be oroatnioted for 



.-e aud extent of snpi . . ._ ^__ 

one 206 It. in diameter. At the Horeeferry Boad station of the Chartered Oas Company, the tank 
of one gaa-holder is 202 ft. diameter by 23 ft deep. Tbe exaavation of thia tank ia a tranch IS ft. 
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deepb; 5 ft. In width all rannd; the eidea are fbnned b; | in. BB Staffordahire pUtca, tiTeted 
ao as to be watertight, with {-in. liveta ; the bottom u teoared oa tbe top bj 9-16lhi shut iron, 
nndenieath whioh la a lajei oF brioka and a thick bed of oonorete. 

At the KenniDgton Lane station of the Pbtsnii Gaa Co., London, there is a gM-holdet 160 ft. 
diameter b; 70 ft. high, whioh ia peculiar in its oonatruetioTi. Fig. 1379 i* » pUn of this holder 
parttj in aection, Fig. 1380 a, seotionat elevatioQ. Contrary to ouatom, the oolumna are made of 
|>in, and i-la. boiler platea. the diameter of caob being 3 ft. 3 in, at the base, tapering to 2 ft. 8 in, 
''" ...- .-.J £^jg^. _,,.-... . —«- __. .__.. ._, ? .... 



at the lop ; the total height of the ooltmma la 73 It, and each column wai erected 







Oaat-Iron girders round the top of the colnmna ate diEpensed with, 2 in. and 1} in. round rods 
being uaed inltead ; and the eae-uolder crown, when working, is entirely unsupported bv framework. 
To prevent oollapee, should the holder come to the ground, a wooden frame upon bnck piers was 
oonatructed lnsii& the tank, and this has proved a perfectly auffldent Ber(^ard. 

In small works, single lift gas-bolders are generalty bnng with connttrba lance weights, and theee, 
when capable of being conveniently shifted, florre to regulate the pressure, and save the constrno- 
tion of a governor ; but in larger works, where a governor is empluyed, the dimensions of the g«s- 
holder are calculated so that a uniform pressure may bo given without the aid of a counterpoise. 
This is accomplished on the principle that, the neiglit of the holder beiog known, a quantity of 
water equal in weight will be sustained by it, and the depth of this column, depending on the 
cnperflcial area of the holder, may be calcalated when the diameter is ssoertained. 

It is therefore evident, that the smaller the diameter compared with the total weight, t)ie 
greoter will be the pressure cierted, Oas-holders of a very large diameter compared with their 
depth, frequently require weighting rings of iron attached to some part of the framing, in order (o 
Kive a column of water equal to the speoifled height. It ia customary to make gas-holders of very 
birge dimensions on the telescopic principle, that is. composed of two or more lifts. The inner 
oarry their own water-lutes. By this means gronnd space is greatly economized, and the saving 
in tAnk eiovation and building reduoea the cost. The lutes are liable to became froien in 
extremely cold weather, but this may be guarded against by the introduction of a steam pipe, which 
will always prove a snfflcient remedy when necessity srises for its use. 

The pressure of a holder is determined by Its weight as compared with its area : thus, when c^ 
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large diameter and ahallow depth, with average strength of sheets and tmssing, the preesare is 
limited accordingly ; but when the holder is of small diameter and great depth, the pressore ia 
always excessive. The height of the holder should be about one-th&i its diameter. With tele- 
scopic holders, the height of the two lifts is nsuidly equal to two-fifths the diameter of the holder, 
ana in most cases, alike in single as well as telescopic holders, the rise of the dome is equal to ^^th 
of the diameter. 

Gas-holders of small dimensions are generally constructed with their sides of No. 16 gauge sheets^ 
and the top or crown of No. 14 or 15 gauge ; holders of 60 or 70 ft. in diameter are orton made m 
the thickness indicated, except in the sheets riveted to the bottom and top angle-ixon, which are 
augmented in strength by one or two numbers of the gauge. The durability of tnese vessels under 
average conditions, constructed of No. 16 gause, may be twenty-five years ; whereas by the addition 
of Jth nx>re to the tJiicknesH of the metal, their duration can be fairly estimated at double that 
period. To ascertain the weight of a single gas-holder, whim not counterbalanced, of a given arsa 
and pressure ; — 

Tablb II.— Prbbsube with Yabiocb Golumks of Watsb. 

in. lb. a Bqnare ft. 

Column of water 1 equal to pressure of 5*208 

2 „ „ 10-416 

8 „ „ 15*624 

4 „ „ 20*833 

5 ,. „ 26*040 

6 „ „ 31*248 

9 .. „ 46*872 
12 ,. „ 62 500 

Suppose the weight of a holder to be required, the diameter of which is 50 ft. and the pressure 
|riven oy it to be 4 id. Then the area of this will be 1963*5 feet; and on referriog to Table II., we 
find the weight of each sq. ft. corresponding with the pressure mentioned to be 20*833 lb., when ^e 
area multiplied by the weight a ft. nves 40,904 lb. as the weight of the holder. 

Having the weight of the holder and its diameter or area, to find the pressure, the weight 
40,904 lb. divided by the area 1963*5 gives 20*8332 lb., which on reference to Table II. oonesponds 
with 4 in. as the pressure required. 

The weight and pressure oeing known, the area of the holder may be asoertained by dividing its 
weight by the column of the pressure. Thus 40,904 lb. divided by 20*8332 lb., the weight of a 
column of water 4 in. high, gives 1963*5 ft. as the area of the top of the holder. 

When ascertaining the weight of gas-holders by this method, the ascending power of the gas must 
be feJcen into oonsioeration. and this may be averaged at 40 lb. for each 1000 ft. of eas in the 
vessel ; hence, if this be 15 ft. in diameter and 16 ft. deep, containing 30,000 ft, it would act with 
an ascending power of 1200 lb., which would have to be added to the weight 

The pressure of a holder varies slightly according to its position, or the degree to which the 
sides are immersed in the tank, in consequence of the mcrease of the weight of the iron when out of 
the water; this, with single holders of ordinary construction, is insignificant, and praoticslly need 
not be taken into consideration. 

When erecting a gas-holder, scaffolding is first fitted up in the interior of the tank, leaving room 
for the sides of the holder to descend, in such a manner that planks may be placed at the desired 
point to enable the men to rivet the plates of the roof. Plants are then placed around the top of 
the tank, and on these the parts forming the bottom curb of the holder are adjusted, and riveted or 
bolted together. This effected, the bottom row or two rows of plates are placed in their poaitiona 
and the circle riveted, when the bottom frames with their rollers are securely bolted, exactly oppo- 
site to their respective guides. A number of lone screws corresponding with the columns are 
provided, each aoout 7 ft long and 1) in. diameter, naving a hook at one'end. A nut works freely 
on the screw, and beneath this nut is a swivel, so arranged that it can be attached to the guide 
standards. 

The swivels of the long screws being bolted to their respective standards, then by turning the 
nuts the screws are raised to nearly their highest point, when each of them by means of a chain and 
hook grapples the bottom curb ; then on raising the screws still higher, that portion of the holder is 
suspendeid. The planks are then removed, and by the action of the nuts, tne whole is graduaDy 
lowraed to the desired depth ready to place another row of plates. Thus all the side plates are 
riveted and lowered as required, when the top curb is also riveted. 

The crown plate with the centre pipe are then placed in their position, and the main and 
fecondary bars are bolted to the curb and crown plate. The tension rods, struts, and suspension 
rods are then fixed, and the bracket bars riveted or bolted, thus forming the trussing of the roof. 
The plates covering the roof are then temporarily placed over the whole area, and when accurately 
arranged they are then riveted, when the holder is lowered to its bearings and the long screws 
removed. This ^ected, the upper guide rollers are then fixed accurately in their positions. A 
manhole is Ictift in the roof, so that after the interior of the holder is painted, the scaffolding can be 
removed at that point ; it is also intended for the purpose of clearing out any obstruction that may 
occur in the pipe. 

The telescopic holder, which under some conditions is advisable, is comprised of a single vessel 
of the ordinary construction, guided at the top by rollers working against tne guide standards, and 
surrounded at its base by an annular cup c^ of from 12 io. to 18 in. in depth and from 6 to 9 in. in 
width. Fig. 1381. This inner holder is enclosed by a cylinder or outer lift concentric to it, of some- 
what larger diameter, but about the same depth. To the top of this outer cylinder is attached an 
i^nmi^f^ grip 66, corresponding with the cup. Thus, each time that the inner holder is filled when 
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uoending, it lifts the lower holder, and as the cnp is always filled with water when rising, on the 

grip being immersed therein a hyiiranllc joint extending the circumference of the holder is formed. 
7 these means, so long as the holder retains its levd position, and in the absence of a pressnro 
superior to that of the mp, the gas is retained. The rollers d and a are for the porpoee of preventing 
any unnecessary play, which would be fotal to the action of the apparatus. 

In telescopic holders of 90 ft. in diameter and under, the upper lift is generally counterbalanced, 
but when of lu^r dimensions their great area renders this no longer necessary. 

The choice of a position for a large gas-holder, where choice can be had, requires careful and 
judicious inquiry on the part of the engineer. Bocks and water-springs ought, if possible, to be 
avoided; the first largely increasing the cost of excavations, and the 
latter endangering the stability of the walls of the tank, besides 
seriously impeding their construction. A stiff loamy soil is prefer- 
able to a sandy or porous one, assisting as it must do the day- 
puddling, which is generally found necessary to keep the tank water- 
tight. Should a workable sand be found, it may be used in the water 
and concrete. 

When a pressure of gas or atmospheric air is first introduced in 
an empty holder, an instantaneous effect is observable on the crown 
and side plates. The crown plates are quickly forced out, and the 
eas-holder generally begins to have a smooth, rigid appearance, very 
diJBerent from the uneven surface it presented when simply supported 
by the framework. 

The true support of a gas-holder crown when working is therefore 
the pressure of gas inside, and although certainly advisable to con- 
struct a light supporting framework, this only becomes useful when 
the gas-holder is at rest, and should in no case be complicated or 
expensive. There is no doubt that with sheets of sufficient thickness 
in the outer circle of the crown and top rows of the dioumferenoe, 
a very light framing indeed ought to be sufficient. 

Proper storage capacity saves retorts and stokers* wages, reduces 
the percentage of fiieX and prevents the danger of a short supply in 
the depth of winter. 

In estimating the lighting power of gas, photometers are employed. 

The jet photometer consists of a steatite jet fixed upon a very delicate King's pressure 
gauge, capable of indicating to at least j^ of an inch water pressure. The gas is made to pass 
through the gauge to the jet, and the pressure is regulated oy a delicately adjusted dry or wet 
governor. Tne instrument is sometimes enclosed in a wood casing with a glazed door. A scale of 
inches and parts is engraved on the glass, and a corresponding scale in porcelain is fixed at the 
back of the cupboard inside. The base-line of each scale coincides in level with the top of the 
jet. This plan of enclosure originated with Sugg. Sometimes the jet is surrounded by a glass 
chimney graduated in inches and parts. With these instruments twelve-candle gas issuing at -^ 
pressure should be 6 in. long. Bannister suggested, in 186S, the possibility of making an instru- 
ment to register oontinuousljf', during a number of hours, the height of the flame ; and Kirkham 
and Sugg have apparatus m which the height of the jet-flame, and the acting pressure, are 
registered by photographic means. 

One of the most convenient specific gravi^ apparatus for testing gas is Schilling's, which 
consists of a cylindrical glass vessel and an inner movable glass tube, the latter fitted at its 
base with a metal foot or stand, and at the top with a metal cap, which is provided with a eock to 
admit gas, and with a central cock having two ways, one for the admission of air to the glass tube, 
and one for the discharge of air and of gas in the experiment By this apparatus the specific 
gravity is determined by the times required for the discharge of equal volumes of air and of gas, 
through a minute orifice in a platinum plate mounted on the nozzle of the central cock. The 
square of the number of seconds required for the discharge of the gas divided by the square of the 
number of seconds required for the discharge of air, gives the specific gravity of the gas. Ko 
correction is needful if the temperature of the air and gas be equal, and to secure this there is no 
difficulty. If the time of discharge for air be 240 seconds, and for gas 180 seconds, the squares 
would be 57,600 and 32,400 ; dividing the latter by the former 0*562 would be the quotient, and the 
specific gravity of the gas. This subject is too large to be further treated here. 

Books relating to Gas, — ^Bichards, W., * Practical Treatise on the Manufacture and Distribution 
of Goal Gas,' 4to, 1877. Hartley, F. W., * The Oas Analvst's Manual,' crown 8vo, 1879. Bower, G., 
* The Gas and Water Engineer's Book of Beference,' Ito, 1880. King * On the Manufacture of 
Goal Gas,' 2 vols., 4to, 1877-80. 

HAMMEBS. 

The term power hammer is generally applied to those hammers in which the power is applied 
by means of a belt or searing ; and is used to distinguish them from the ordinary steam hammer, 
in which the hammer block is attached to the piston rod of the engine; and it thus includes all 
▼arieties of friction, crank, and trip hammers. 

The oldest form of power hammer is that known as the helve, trip, or tilt hammer, the con- 
struction of which was evidentlv suggested by the common hand hammer. It consists of a stout 
helve of timber bound with iron bands, to preserve it from splitting under the violent concussions to 
which it is subjected. This helve is supported by trunnions, working in plummer blocks, which are 
bolted to a strong foundation of timber, the said trunnions forming tne fulcrum upon which the 
lever turns. To one end of this lever is attached the hammer head, and at the opposite or back 
end revolves a wheel provided with a series of cams, by the action of which the lever is depressed 
and the hammer head raised. The best method for determining the proper curve for the faces of 
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theee cams, will be found given in the article on Gearing in the first volmne of this DictioDary. 
The chief disadyantages attending the use of trip hammers are, the difficulty of oonneoting them 
with the driving power, especially where a number of hammers have to be driven from one AsfL 
The head and die of a tnp hammer, weighing, together with the irons for attaching them 100 lb., 
and perhaps more, will make, with a helve 8 ft. long, from two to three bundled blows a minute. 
This motion far exceeds anything that could be attained by a direct reciprocating motion given to 
the hammer head by a crank, and is also greatly in excess of any rate of speed that would 
be assumed from theoretical inferences. The hammer helve being of wood possesses a certain 
amount of elasticity, and acts like a vibrating spring, its vibrations bemg in unison with the speed 
of the tripping points ; and it is upon this principle of elasticity that the whole machine must be 
constructed, in which respect it stands as an exception to almost every other known machine; even 
the framing for supporting the trunnions, which without experience one would suppose required to 
be made as rigid as possible, is found in practice to answer best when composed of timber, this 
timber being disposed in such a manner as to allow it to spring and yield. The sudden and varied 
resistances that are offered to line shafts which drive trip hammeri^ tend to loosen couplings, 
destroy gearing, and produce strains that are unknown in other cases ; shafting arranged with me 
usual proportions for transmitting power, soon failing if applied to drive trip hammers, and con- 
sequently all rigid connections, or metal attachments, are inadmissible, belts arranged so as to have 
their tension varied at will being the usual means emploved for transmitting power to trip hammers, 
and the only one that has been successful. Further, there being no means of varying the height 
to which the hammer head is raised, and this head acting only through the force of gravity, the 
power of the blows delivered by any given hammer, must always remain constant upon a given 
thickness of metal ; the only variation in power being in the wrong direction^ that is the thicker 
the mass of metal being operated upon, the less powerful will be the blow delivered by the hsmmer, 
while the opposite conditions are almost always required. Again, from the fact of the hammer 
head moving in an arc of a circle, of which the trunnions form the centre, it follows that only when 
operating upon pieces of a certain thickness will the hammer deliver a flat blow, and this want of 
parallelism will increase, in proportion to the thickness of the mass being operated upon, those parts 
of the metal which are nearer to the fulcrum being unduly compressed, while the more distant 
portion will receive scarcely any blow. Another difficulty attending the use of trip hammers, is the 
rapidity with which crystallization takes place, in the attachments for holding the die blocks to the 
helves, where no elastic medium can be interposed to break the concussion of the dies ; bolts to 
pass through the helve, even when made from the most fibrous Swedish iron, not lasting on an 
average for more than ten days, and often breaking in a single day ; the safest mode of attaching 
the die block, and the one most generally employeo, is to forge it solid, with a band to surround the 
end of the helve. 

Another class of power hammers consists of those which are operated by means of a crank, the 
oonnection between which and the hammer head consists either of some kind of deflecting spring, 
or of an air cylinder, and to this class therefore belong all the various forms of pneumatic hammers. 
The great advantage possessed by these hammers over the older helve, consists in the fact that the 
blow delivered by the tup always remains parallel to the face of the work, no matter how much the 
latter may varv in thickness ; while at the same time, they generally possess some arrangement by 
means of which the power of the blow may be varied, to suit the constantly changing reouiremento 
of the work operated upon. In Fig. 1^82 is ^own a diagram of an arrangement of oranx hammer 
having a curved leaf spring interposed between the crank and hammer, the latter being connected 
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to the spring by means of a leather strap, the link being rigidly fixed to the spring. The 
appearance of the device in motion will not recommend it, but the effect produced, so long as the 
various parts last, is all that can be desired. A diagram of a later introduced arxangement is 
shown in Fig. 1388, which judged by the test of endurance and non-liability to derangement 
appears to be the best, of all those hammers constructed on this principle, which have up to the 
present time been introduced. The pivot is fixed on the frame, and the vibration produced by the 
crank is multiplied at the other end of the spring lever, so that strong, rapid blows are given by 
the hammer. In Fig. 1384 is shown a kind of composite machine, h^f trip hammer, half crank 
hammer. The helve and radial die movement are retained, but the hammer is operated by aorank, 
through what is in substance an elastic connection. Such hammers as these here described are 
well adapted for light work and small pieces, as on account of the light weight of the reciprocating 
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parte they can be driTen at very high speeds ; bat, as is the case with all hammers hayiDg a fixed 
range of moyement and fixed anyils, the bitensity of the blows diminishes as the thidcness of the 
work increases, which, as already pointed out. is the reyerse of what is required. This objection is 
increased or diminished according as the length or range of stroke is long or short ; and when the 
parallelism of the dies changes ah» with the thickness of a piece, as in the system of construction 
shown in Fig. 1384. We must therefore conclude that, for general purposes, considerable eflect 
must be eacr^ced in attaining rapid blows in the manner here ezplain(>d ; while a dead blow, or 
stop motion, which is almost indispen- 
sable in most kinds of work, would not issi. 
be at all easy to apply in the case of a 
hammer operated by springs. 

The two earliest inventions for steam 
hammers were those of James Watt, in 
1784, and of William Deverell in 1806; 
but it was not until about the year 1843 
that the first steam hammer was made 
at the Briilgewater Foundry by James 
Kasmyth, who had taken out a patent for 
the same in 1842; and though this was 
far from being the perfect n^achine which 
we are now accustomed to 8c>e, its erection miirked tho commenotimcut of a new era in the history 
of the iron trade, for witlioiit the possefisiou of this valuable invention it would have been simply 
impossible to execute the gigantic forgings of the present day. A steam hammer is in its main 
features an extremely simple machine, one of tho principal problr-ms in connection with its manu- 
feoture beins: how best to resist the destructive effects resulting from the concussion of its blows. 
It therefore follows from this that weighty economical reasons exist for separating into detail, as 
much as possible, whatever is liable to break; but there is also another reason for this, which 
applies especially to power-driven hammers. Joints, however firmly they may be bolted together, 
still impart some elasticity, and however suitable cast iron may be for the framing of most 
kinds or machines, it is, as is well known, wanting in that elasticity which hammer frames seem 
to require. It is not assumed that joints when rigidly bolted together can impart much elasticity, 
but if the frame of a hammer be cast in one piece, or even as was formerly sometimes done, the 
cylinder cast solid with the framing, it is at once obvious tliat the liability to fracture will be con- 
siderably increatied. In watching the course of practice in steam hammer construction, there are 
certain plans which, for details such as valve gearing, are gradually becoming general ; of these 
the pendulous swing bar operating by sliding on the hammer head is one of the principal. The 
reason for this is obvious enough tit the present time, when it is known how difficult it is to 
maintain sny positive connection with a hammer head ; a link, lever, or tappets, or any device to 
which the sliockof the blows is imparted soon giving way; but a swing bar, bearing lightly 
against the hammer block, and nearly in the plane of motion, is but little affected by the concussion. 

vJohn Richards, in his treatise on the * Principles of Shop Manipulation,' when treating of steam 
hammers, nves the following particulars of the principles of their construction and operation. 

'* The direct application of steam to forging nammers is beyond question the greatest improve- 
ment that has ever been made in forging machinery ; not only has it simplified the operations that 
were carried on before its invention, but it has added many branches, and extended the art of 
forging, to purposes that could never have l>een attained except by the steam hammer. 

** In forming a conception of steam hammers we must not fall into the common error of 
regarding them as distinct machines, or as operating on new principles. A steam hammer is 
nothing more than the oonmion hammer driven by a new medium, a hammer that receives power 
through the medium of steam, instead of by belts, shafts, and cranks. The steam hammer supplies 
other purposes besides transmitting power, and seems to be so perfectly adapted to fill the different 
conditions of power hammering that there seems nothing left to he desired ; for it will be seen that 
steam as a driving medium for hammers fulfils the following conditions ; — 

1. ** The power is connected to the hammer by means of the least possible mechanism, 
consisting only of a cylinder, a piston, a slide valve, induction pipe, and throttle valve ; these few 
details taking the place of a steam engine, shafts, belts, tension pulley^), cranks and springs, witii 
pulleys, gearing, and all details that are required between the hammer head and the steam boiler 
in other casea 

2, " The steam establishes the greatest possible elasticity in the connection between the 
hammer and the power, and at the same time cushions the blow at both the top and bottom of the 
stroke, or on the top only, as the case may require. 

8. *' Each blow given is an Independent operation, and can be repeated at will, while in other 
hanuners such changes can only be made throughout a series of blows by gradually increasing or 
diminishing their force. 

4. ** There is no direct connection between the moving parts of the hammer and the framing, 
except the lateral guides for the hammer head ; the steam being interposed as a cushion in tlie line 
of action, reduces the required strength and height of the framing to a minimum, and avoids positive 
strain and concussion. 

5. '* The range and power of the blows, as well as their time, are controlled at will ; this is the 
greatest distinction between steam and other hammers, and the particular advantage that has led 
to their extended use. 

6. ** The power is transmitted to the hammers through a small pipe, that may be carried in 
any direction and for almost any distance at a very small expense, so that the hammers may be 
placed in such positions as will best aocommodato the work, without reference to shafts or other 
muohinery. 

2 T 
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7. ** There is no waste of power bv slipping belts or other frictioiiAl oontriTanoes to graduate 
motion; and finally there is no maohinery to be kept in motion when the hammer is not tSt 

worlCi 

*' One thing more remams to be noticed, namely the valve motions, which are a matter of some 
intricacy, but without which all that has been explained would foil to give a proper idea of steam 

hammer action. ,,.x,^* -»<» ^ -, :, 

*' Steam hammers are divided into two classes, one class having the valves moved by hand, and 
the other, automatic valve movement. The action of the automatic hammera are again divided into 
what is te'rmed the elastic blow, and the dead blow. In working with elastic blows the steam piston is 
cushioned at both the up and down stroke, and the action of the hammer corresponds to that of a 
helve trip hammer, the steam filling the oflBoo of a vibrating spring; the hammer gives a quick 
rebounding blow, the momentum being only in pwrt spent upon the work, and partly arrested by 
the cushioning of steam in the bottom of the cylinder under the piston. Aside from the greater 
rapidity with which a hammer may operate when working on this principle, there is nothing 
gained and much lost ; and as this kind of action is imperative in anj hammer that has a 
maintained connection between its reciprocating parts and the valve, it is perhaps iah to infer 
that the reason why most automatic hammers act with an elastic blow is either from a want of 
knowledge as to a proper valve arrangement, or because of mechanical difficulties in arranging 

v^.vo firear 

** hi working with dead blows no steam U admitted under the piston until the hammer -has 
finished its down stroke, and expended its momentum upon the work. So different is the effect of 
these two plans of operating, that on most kinds of work a 50-lb. hammer working with dead blows 
will perform the same duty that one of 100 lb. will when acting with elastic or cushioned blows. 
This mfference between the dead and elastic stroke is so important that it has served to keep the 
hand-moved valves in use in many cases, where much could be gained by automatic hammers thai 
had the same functions. Some of tiie makers of steam hammers have now so perfected the 
automatic class that they may beinstantly changed, so as to work with either the dead blow or the 
ehistic blow at pleasure, thereby combining all the advantages of both principles. This brings the 
steam hammer where it is hard to imagine a want of further improvement, 

" The valve gear of automatic steam, hammers to fill the two conditions of allowing a dead or an 
elastic blow, furnishes one of the most interesting examples of mechanical combination. It was 
stated that to give a dead or stamp stroke, the valve must move and admit steam beneath the 
piston after the hammer has made the blow, and stopped on the work, and that such a movement 
of the valve could not be imparted by any maintained connection between the hammer head and 
valve This problem is met by connecting the drop or hammer head with mechanism that wiU by 
reason of its momentum continue to move after the hammer head stops. This mechanism may 
consist of various devices. Miissey in England, and Ferris and Miles in America, emplov a 
swinging wiper bar that is, by reason of its weight or inertia, retarded and does not follow 
the head closely on the down stroke, but swings into contact and opens the valve after the 
hammer has come to a full stop. By holding this wiper bar continuously in contact with the 
hammer-drop, elastic or rebounding blows are given, and by adding weight in certain positions to 
the wiper bar, ito motion is so retarded that the hammer will act as a stamp or drop. A German 
firm employs the concussion of the blow to disengage the valve gear and effect this after movement 
of the valves in steam hammers. Other makers effect the same end by employing the momentum 
of the valve itself, by having it connected to the drop by a slotted or yielding connection, that 
allows to a certain extent an independent movement of the valve. ^. . , . ^ ^^ ^ 

♦* Another principle to be noticed in connection with hammer action in forging processes is that 
of the inertia of the piece operated upon, a matter of no little importance in the heavier class of 
work When a piece is placed on an anvil and struck on the top side with a force of one ton, the 
bottom or anvil side of the piece does not receive an equal foroe ; a share of the blow is absorbed by 
the inertia of the piece, and the effect on the bottom side is, theoretically, directly as the force of 
the blow less the inertia of the piece acted upon. In practice this difference of effect on the iop 
and the (wttom, or between the anvil and the hammer sides of the iron, is much greater than would 
be supposed. The yielding of the soft metal on the top cushions the blow, and protects the under 
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ShTparliclM and"chang^ the form of the'piece! From this it can be seen that there must occur 
a in^t loss of power, for whatever force is absorbed by the weight of i^e piece produces no effisct 
Bv watching a smith using a hand hammer it will be seen that whenever the piece operated upon 
is heavier than the hammer, but little, if any, effect is produced on the anvil or bottom Bnr£u». 
Nor is this loss of effect the only one. The cost of heating, which generally exceeds the cost of 
shaping is directly as the amount of shaping that may be done at each heat ; and consequently if 
the two sides of a piece, instead of one, can be equally acted upon in shaping, one half the heating 
will be saved Another consideration to be gained by equal action on both sides of laree pieces is 
the quality of the forgings produced, which is generally improved by tje rapidity of the shapmcr 
processes, and injured by too frequent heating. This loss of effect by the mertia of the piece acted 
uoralbeing as the relative weight of the hammer and the piece, it follows that the loss increases 
wiUi the weight of the work ; not only the loss of power, but the cost of heating, which also 
increases with the size of the work. There is such a difference in the mechanical conditiona 
between light and heavy forging that for any but heavy work there would be acre lost than gained 
in attempting to evade or remedy this loss of effect on the anvil face of the work. 

«*To ren^y this defect in heavy forging, John Ramsbottom desired what may be termed 
compound hammers, consisting of two independent heads or rams movmg in opposite direction^ 
and acting simultaneously upon the work which is held between them. These hammers were a 



(knartim tron all moda of forging that had ever been pnotiied to the ttme, *ad ooiutitntad • 



"It Dili nem probabla that the arraagemont of UieM doaUfr«ctiiiR hammen fa tteceonrily 
oompliokted and expensive, bat the aantnrj i> the &ot. The nuns are timply two nuAsea of iron 
Moantad od wheeb that ran on tnickB like a tmok, and the impnat of eaoh hammer, bo far as not 
abeorbed in the work, ia mutnlized by the other. No ehook or jai ia oommaaicsted to taming or 
foandation, aa in the Mae of single hanunera that bave fixed aOTiU. The aune rale iippliea in the 
back Btroke of the bammera, aa the linka that move them are oonneoted together at the ramtte. 
where the power ia applied at Hght anglee to the line of the hammer movement. The linka ooo- 
nectinc the two hanunera oonatttnto, in effect, a toegle joint, the ateam piston being attached when 
Ute linka meet in the centre. The atesm cylindei' ia aet at aome depth in the earth below the plane 
Upon whioh the hammers move, and even when the heavieet work ia done there ia no perceptible 
jar to be felt when atanding near the hammen, m there alwaya ia with tha«e that have TBrtdcal 
movement and are lingle acting." 

B««tde« the claaaee alread; mentioned, Kteam hammers are divided into single and donble- 
Boting hammen. In the ricgle-aoting hammen the ateam la only employed to rvlae the tup or 
hammer head, which la then allowed to fitll fteely by lt« own weight ; and the foroe of the blow 
rtrnck ia therefore only eqnal to the power developed by the given weight foiling from the given 
hels^t In the donldfr«eting hammera the steam ia employed to acoclerate the deacent of the 
fidling maas, as well aa to raiae the aame ; and as by this meaoa the rapidity of the deaoent may be 
made to eqnikl double that dne to the action of ^vity, and as the force of the blow atruok by a 
falling maaa increaaea aa the aqnare of the velocity, it followi that the power of a given hammer 
may hf thit meana be increaaea three or four-fold ; that ie to aay, a S-too hammer may be made to 
do work eqoa! to that of a 15 or 20 ton Bingle-actiDg hammer. Wanj hammers are now constracted 
to be naed either aa tingle or double acting, at the wlU of the operstor. 

Pig. 13B5 is of a single standard 20-cwt. Rigbj hammer by Davia and Primroae of Leith. Tbia 
hammer is doable acting, the oy tinder C being 1 9 in. diameter with a stroke of 42 in. The piston 
with the piston rod P are forged in one piece &om the beat aurap iron, the lower end of the rod 




being enlarged and formed with 
a dovetail slot to receive the 
hammer fboe H which la made 
of steel. In conaeqiienoe of this 
formation of the platon and rod 
it la neceasary to make the 
atnfflag box and gland of the 
cylinder in balvea. The former 
la a tube of metal made to fit the 
interior of the cylinder and 
having a flange on tbe lower end 
by which it ia bolted to the 
cylindei flange. The gland ia 
Of Uie usual kind, and the halvM 
•re held together by plates and bolta of malleable Iron. The pialon is fitted with Bamsbottom 
rings of ateel. The valve T, which Is a piston valve of wrought iron working in a brass-lined 
oluunber, is shown in aeolion in Fig. 1386, the lining I is pieroed with holte oppoaite the porta tot 
the passage of the ateam. The ateam enters the middle of the valve at a, botwoen the two piatoos, 
■nd aooording as the valve is moved up or down the steam enteia the top or bottom of the oylLnder, 
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and exhausts by the ends of the valve, a passage p oooneoting the lower and upper ends of Uis 
chamber O to take away the exbaoat steam firom the lower part Gonueoted to toe yalve spindle 
is a safety trigger T, the object of which is to prevent the piston from striking the upper end of tba 
ovlinder. When the hammer rises beyond a certain point the enlarged end c? the piston rod strikes 
this trigger and raises the valve, thereby admitting steam to the top of the cylinder, exhausting 
from the bottom, and so reversing the motion o{ the hammer. In this hanmier the weight of the 
moving parts, piston, piston rod, and tup, is a little over 20 cwt The total weight of the hammer 
is about 18 tons, of which the anvil block weighs about 6 tons. The dismeter A the piston rod is 
9^ in., and it is flattened on two opposite sides, the neck of stn£9ng box and the gland being 
smiilarly flattened, in order to prevent the piston from turning roond when working. Generally 
in this style of hammer the area of the bottom side of the piston is about three-fourths of that of 
the top side. The pressure of steam used varies from about 35 lb. to 60 or 70 lb. on tKe square 
inch. These hammers are also made with double standards, the standards being of box seotioa 
and placed 12 ft. apart at the ground level. The total weight of a double standard 3-ton hammer 
of this class, having a cylinder 25 in. in diameter and 5 ft. stroke, is about 46 tons, of which the 
anvil block weighs about 18 tons. 

In Fig. 1387 is a 3-ton hammer made by Davis and Primrose, in whidi the standards are made 
so as to form guides for the hammer head. The cylinder G is 22 in. in diameter with a 4-ft. stroke ; 
the valve beii^ similar to that in Fig. 1886. The iteming S is of H section, except for very heavy 
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hammers, when it Is made either of box section in cast iron, or of wrought iron. The piston and 
rod are foiged in one piece from the best scrap iron ; the piston being fitted with Bamsbottom rings 
of steeL The lower end of the rod is enlarged into a apherical form, as i^iown in dot at E, and into 
the tup is inserted a suitable cup to fit the spherical end of rod. The rod is held in its plaoe in the 
top by a cap B, formed in halves, which is hollowed out to fit the spherical end and is fixedbyootten. 
This arrangement provides against the side strains which are so frequently produced in the working 
of a steam hammer, as the tup can yield a little without unduly straining the piston rod. 

Fig. 1888 is a section of the valve employed b^ Davis and Primrose for their self-acting hammers. 
This valve is of brass and hollow ; it has two pistons. The steam entering at the middle of the 



nlT«, betwoeo the two piatoiu, (u bi Um hand-woAed hunmen, the exlikiut Gram the under aide 
«f pUtoD paaaitig thiongh the interior of the valve to the disctuiTge pipe placed on the top. Ilie 
Mlf-aotiDg motion is given by a ttnipenrion lever L of a curved fonn, which a kept in oonlaci with 
the baniiner face T, ai in Fig. 1389. The tap T as it risea pnshaa this lever to one aide and canaea 
th« vaJve to riae nntil the lower port opena to the exbanat and 
the nprni port to the ateam, when the hammer deaoenda, and the 
valve tben moves in a downward direction. 

A doable, siDRle, and aelf-actinK 10-owt. ateam hammer b; 
Fawoett and Firt£ of Leeda, ia ihown in bont elsvatim In Fig. 
1390. The hammer ta flrml; bolted to a atone (oondation ; the 
anvil block B leatlngnpon a distinct support, the nppar part oon- 
•iating of a doable layer of balks which form an elaatia coahioii 
between the foundation and the anvil block. The weight of the 
anvil block ia fi tone, the total weight of the hammer, Liclnding 
the bbxik, being 11-5 torn. The diameter of the cylinder C is 
11} in., and the fall atroke of tbe piston 2 It. The weight of the 
moving parts, 10 owt, gives a total of 2240 nnita of work, which 
ia eqoal to the force exerted by a weight of 1 ton falling Uirongb 
a height of 1 ft : bnt by admitting tlie steam to the top side of 
the putOD, and so accelerating its descent, the force of tliia blow 
may be oonsidenibly increased. 

Tbia bammer is so proportioned in the various parts, that all 
areeqnaUy strong, and in order to facilitate the canying out of 
any neoenaiy repaira the parts are made as accessible as (ms- 
ailde; the repairing of a steam hammer geDera}lj oocaaioniog 




isiderable eipenclilure, on acoonot of tho oomplci nature of ita details, and the diffioolty of 
;ting at tho varioua iwrta. One of the moat important parte of all ateam bammcia is the Valve, 
iwh is gouc:ftUy oouploil direct and worked by hand, and it is Ibf nfore nooesanry that prowore 
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knd friction shoidd be as maoh u poMlble svoidad: with a tIsw to hlfllUng tbcM requlreueDta, 
and at the same time rendering it om; to oompeiuate far wear In either the ralve or the ajUnder 
fooe, the form adopted in this hammer ooniiata of an eqoilibrtnm TalT« of a double V <* eqiw* 
■eeUoD, FigB. 1391 to 139S: Fig. 1391 U a aecUonal plaii on the line*/, iig. 1392, » HOtUial 
eleTBtion on the line a b, Fig. 1303, a nnilar section on the line c d, and Figs. 13M, 1886, are » 
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front view and uctioa of a portion of the cylinder fooe shoving the position of the porta, the centra] 
ports being the eihaost. This yalve slides in a corresponding V fsoe in the cylinder, tod in • V 
jBcket, by which the baok part of the valve is enclosei ; thus Uie ooly ports wbioh are exposed to 
the pressure of the steam in the steam cheat are the two ends ; and as the sjeos of these are 

3ual, the fiintioD is reduced to a minimnm. This form of valve admits of any weni, being easil; 
jnsted ; as io otdi-r to follow this up it is only necessorj to plane up the jacket bcoe at B. 

ThosehnmmeiBaremadeia voriomi aizea, both as single and doable standard bammere ; and are 
either double and single aoLinc;, with dead blow bv hand lever ; or single and double acting worked 
tnr band. In the fonaer the valve is made without lap; in the latter lap is added to get the 
nogle action, and the valve travels more to get the double action, or steam at the top of the piston. 
The sties of the single standard hammerH range from 1 owl. to 10 cwL ; and the double standard 
^m 10 cwt. to 3 Ions. 

In Fig. 13% is shown a 1500 kilo, steam hammer of German design. The framework of tbia 
hammer consiats of two hollow wrought-iron etandards S, slightly tapering, resting upon oast-iron 
bed plates F, which are held together by tie-roda T. These sUndarda aupport a wrmight-iion 
Rirder B, 3 ft. I in. in depth, on the topof whioh are bolted thcoaet-iroD atandarda Q,to which the 
bed plate D is boiled ; this Litter carries the cylinder C. The height of tbeee Btandoids with the 
bed plate is 9 ft. 9 in. The standards O, beddea being firmly fixed to B by a nomber of bolts, also 
abut firmly against the covering plates of the girder, so that any lateral movement in the staadarda 
would neoeaaitatB the shearing oF all the rivets which pass through the plates. The distanoe 
boCweeu the standards 8, centre to centre, is 20 ft. 7 iu., their height 8 ft. 6 in., and their mean 
diameter about 5 fL The total heislit from the ground level to the top of the bed ptate D ia 
81 ft. The diameter of the cylinder C U 3 ft. Ti in., and the fuU stroke of the piston 8 n. 3 ia. 
The piston and piston rod P are made of the best orucihle oast steel : the weight of the piston, 
piston rod, and tup being 14'75 tuns, and this multiplied by the fUU stroke oi the piston gives 
272,580 units of work, equal to the power exerted by a weight of 121'6 Ions falling from a height 
of 1 FoaC The anviL block U is cast in funr layers, and is firmly bolted to a separate foundation; 
the diameter of the bottom layer of this block is 12 fL, and the top layer 8 ft. 9 in., the height of 
the anvil A being 3 ft. 10 iu. The weight of each of the wronght-iron eolumus S is 2 tons 9) cwL, 
the bed plates F, 6 tons I7| cwt., the girder B, 6 tons B cwt., each of the cast-iron standards O, 
It tons iii cwt., the bed plate D, 5 lona ^ cwt., and the cylinder C, 4 tons 18} cwt. ; the total weixht 
of the whole atiucture, iflcludlng the piston and tap, bat exoladiug the anvU A and block H, being 
86 tons 2t cwt. 

In Fig. 1397 is shown a front elevation of the 85-ton steam hammer erected at Woolwioh 
Arsenal in 1873. As this hammer is donble aoting, it can be rendered equal to a single-aottng 
hammer having four times the length of stroke, or 42 ft, or to the same stroke with four timet tike 
weight, namely 140 tons, or about equal to a 150-ton single-acting hammer with a ID-fL strcAe. 
The standards S are of the ordinary U section, and are bolted to cast-iron box girders O bedded in 
concrete, these stuidarda and girders being independent of the foundations of the anviL Tlte dis- 
tance between Uie standarda S is about 19 ft. ; the height from the ground line to the top of 
the cylinder 45 ft. ; and there is a clear height for forging purposes of 11 fL The diameter of 
the cylinder C ia 54 in., with a full stroke of 10 fL 6 in. From the great weight and length of 
this cylinder, it was thought probable that if it wem held only by the bottom flange, the vibntions 
csosed bj the violent conouasiuns when the hammer is at work would crack the cylinder close to 
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the bottom flsiige, va aocldent whloh has happened wilh ■mailer bmmmen ; there la thereToro j»o- 
vidcd a B<:oand flaiige a, at some diitanoe from the bottom of the cylinder, and the long bolts b, ttrxa 
th« eiitablBtnre to this second Sangc, gWa a oertain amoont of elaatidty to afaeolb the ribration. 
The valve is one of WUbod'b balance valTes, which is eaailj managed hj one man, and cui be i^|l>- 
Uted BO aa fo admit the steam at the top of the pieton or not, at the will of the attendant Tbe 
weight of the falling mass ia 35 tons, the full length of fall being, aa stated above, 10 ft 6 in.; 
and in the hunmer block B there is formed a well for the purpose of sdjiuting the dislaace of 
tlie block from the piston in tbe cylinder C, bj which means the full amomit of Iboke can alwa;* 
be obtained, wliatever may be the thioknen of the work opeiated Dpon. 

The ground upon which this hammer has been erected was at one time manh land, and a Utkb 
pxpcnditure was necessnr; in order to aecmre a foundation which would be aafflaieDtly solid, 
and at the same time ela^c enough to witbatand the impact of w great a maa. For this 



pnipoae the gnniDd was eiosvated to a depth of nearly 20 ft. for a spaoe of 12 ft. square, and in 
tbe centre of this hole one hundred piles P were driven in rows of ten, forming a squaie of 30 ft. 
on tbe side. These piles having been driven as far as Ihey would go, were cat off level at a height of 
aboat 4 ft. G in. aboTe tbe bottom of the hole; and the hole was then filled in with oonorete up to the 
level of the tops of these piles. Upon the t/>p of this was laid a caat-iran plate I. 30 ft. squan and 
11 in. thick, weighing 164 tons ; this nlate waa cast in three pieces, for tbe purpose of rendering it 
less liable to accidents in transit. On the top of the plale I are two layers of oak halks, 12 in. 
square, upon which is a second cast-iron plate K,ceBt in two piceee, which weighs 121 tons, and is 
27 fL iquare by 11 in. thick. Upon this plate are oak balks H, 2 ft long, placed on end, and fitted 
accntately together to form a solid mass, and which are held together by bonds of iron 6 in. broad 



uid 2 fD.tbiok. On these tiiiiben is plaoed a tbiid plate L, 24 ft. aqmue and 12 in. thio^ bIm 
oast in balTOB, and weiKliing 120 toiiB. Upon thislaplaoeda tiiiDla;erof timbor and felt, in order 
to fill up any iaequalitiea oi to make np tor taj want of flatnen in tbe oastiiigB; and then coraea 
a foorth plate N. 22 ft. square, 12 in. thick, and wdghing 100 tons, which ie cast in one solid piece. 



In Figi. 1S98 to 1401 ia diown the 81 
Cremot, which i( the largest iteam hammi ... 

throuKh the Fonndatioiu ; Fig.lSSSia a lide elevatibn; and Figs. 1400, 1401, show the method eiu- 
ployed for cosneotiag the top to the hammer block. The fouodatioQ for this hammer waseiisTated 
to a depth of aboat 36 ft. The Brrt portion of the foDDdatino coruriats of a mass of masonry in 
oemeat tf, 13 n. in thiokneHg, and oantaEniog upwards of 785 cnbic yards; on the top of ^hia 
maBonry ia laid a bed of oak planka, 0, 3 ft. 3 in. thick, to form an eUstio cushion or seat for the 
anTU black B. This block is of cast iron, and conmats of six layers, each of the lajnm, with the 
exoeptimi of the t(^ one, on which the anvil A rests, bmngcsai in two pieces; itist8ft.4in.inhGight, 
itsaieaatthebasebeing855'2sq. ft., andat the top7S-3iq. fU; the total weight of the anvil and 



liuRippar^B 
B, sod bolted 
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Uook Mug 786 tou 13 owL ItwUIbeM 

indaMndeutof tbemaiQiUMioftaaf thaliMimieT.tlwai. , 

tUitdBsofthebIiMkbei))glillediiiwith«alcplftid3ng.M«liowiiAtO,Fig. 1388. Them 
•M rectangnlu in ieetioii; they Me caat btdloir, eM^ one being fonned in tvo plea . 
together in the mamterihowa in the figniMl they lostet the boM on mamiTe out-iron bed plateiB 
to lAdcib Omj are kejad, tha bed g^lM reatiDg en the mMonr; H >vrtonading the a 
The gnidea G are eul eepantelj, and are belted 

to the rapports S, as in Fig. 1S98, the whole being hm. Itoi 

Biml; held togeUier bj the vrooghl-iion bradng 
plates T, which weigh 24 -S tons. The height of the 
main snppoits B is 33 ft. 7 In., and th^ weight, 
inoloding the gnides G, 21S'5 tons. On the top 
of the standarda 8 is fixed the entablature Eb which 
•npparts the ojlindei O, and this entablatme 
waght 29'5 toni. Tha ojlinder C is owde in two 
lengths, each 3 ft. 2 in. m height, the two parU 
being nnited b; bolts ; the interosl diameter of the 
ojlinder is 6 it. 3 in., and the piaton rod F 14 in. 
in diuoeter, the ovUnder with its cover weighing 
21-6 tong. The distribntion oT the eteom within 

the ojlinder is efl^ted by means of two angle eqailibriom valves, the diameter of (he admhslon 
Tslve being 13^ in., uid that of the dlschs^^g valve 18 in. ; these Tslves ue operated by means 
of rods and leveis, which are brought down to within the reaeh of an attendant standing npoD 
tlie platftmu D, which is flied at abont 10 fL above the level of the floor, and which silords a pro- 
tection tnaa the heat of thefinging. The are* of the nndersideof the piston, dednoting that of the 





piston rod, is 4238 aq. in.,which gives, with a preesaieof 71 lb. per sq. in^a totalliftinglbreeof 134 
tons. The weight of tbe Uling mass, inclndinK piston, rod, top, and all moving parts, is 79 ton^ 
snd this mnltiplied by the fall stroke of tlie piston, nsmely 16 (t 3 in., givM a total of 2,886.400 
units of work, which is eqoal to the force exerted l^ a weight of 1247 tone fUliog tbrongb a height of 



«UdiUwbMBiiMri»rb*TCtodBa]. ThealMu wldtk betw«cn lketiq>ni<lMau6ft.SiB. Tha 
heigbt of tbii bMUMi Itan tb« bed pUtea B to the top of theojlindei C 1* 61 fb, Hid Uie height of 
the mnvil bloek 18 fL 4 In., wbiob givea for the whole itniDtan, including the thiokneM ol tba 
maaaoir fontdatioD, » total hucht of am 92 ft. NotwJthrtinding thu mti height uhloh 
tutarally teodt to radoM the stability of tbo hammer, thenhole baa b«M) m wall MOpoitiDned, and 
the oak ondiion beneath Uie auTil block acta with nah effloiencT, tluit rigidlt; Daa beea aeawed, 
Tha 



total weight of the wholeof thaparta&om the bottom of the bed oktea B to the top c^ the <7lh)dc«, 
inolodiug the moTiDC paits and elU paita BeoeaBaiy to tho meoliaiiUat, ia 520 tooa 18 cwt, Mtd. 
thia added to the weight of the anvil uid block, taaelj 736 too* 12 awl, givea a total wwghi of 



1297'S tons for the whole Btraotnie. 

Btargeon's tbIto gear for steam hanunerB U Bhown Is Pigt. 140S to 14IM. Fig. 1402 n a 
partial aide elevation of a (team hammar indicatiiiK the poaltkm <^ and the maiuHr M vmoMHog 
the valve levera ; and Fie. 1403 ia a verticsl aeobon thiongh the levari The gear render* tha 
valve aelf-aoting and regnlBtiiig, so that it may adapt itadf toall vaiiatkoa in. the atrokeaaiiBadby 
the varying thiokneaa of the mamm of metal npoti which the hammar ia raqulted to opente. Foe 
thia porpoae the valve gaar whii^ ia nnplayed for lavetaing jlw valve for tiu) up atrohei fallows 
" e hammer tbrongfaoat Uie whole of ila atroks, ao sa k> le always ii "^'~ ' 



reveraing at the moment when the hammer atrikea the olfieot placed beneath it, the neceaanry; 
motion being given to the valve by means of the jeik caused by the impact of the *""n""Bi A 
ia the hammer trame or atandaid, B the piaton rod, and the tap. In one of the aides of the tnp a 
alot D is formed to receive the atud e at the end of the link E, and to the lame face of the tap tba 
link F ia connected by meana of the atud /. The linlr B. at the end e', ia connected to the lavei 
H, having a boss A working upon the plain part of the stud L. The lever U and the linka Eand 
F are all connected, by meena of the short elbow link X, to a eeoond levra G, aa in Fig. 1403 ; 
Fig. I4D4 being a plan of the end of the link E. The lever O ia arranged so as to move through 



Ln np and down movement on ila ftilomm L. Throagli 



the centre of the boea g pniam a aenond boat k having a dot cot la it in order to allow ai 
down motion apon the moare part I of the atnd L ; tha bcaa k being ateadied and gnidea la us 
it I^ the atem K woikuig throngh the goide U. To the nppw end of the atem K i* odb- 



neded the rooking lever N, woiUng upon the centre n, and to the oppoaite end of this lever tha 
valve rod R is connected. When the hammer atrikea the object on the anvil O, theahock csiued 
by the impact forcee the stnd < forward in the alol D to the position ahown by the dotted lines, 
lliia motion of the atnd a and link E raiaea the lever G and ktem K, and ao deprening the valve 
rod B and reversing the valve ; the hammer then commences its np atroke and continnea to rise 
nntil, by the motion of the linka and levera B F G H, the end of the rod S working through tha 
guide 1, ia bioaght into oontaot with tho atop T, thia forcee down the lever G and raiaea the atad 
< to ita foimcr poallion, thna again levelling the valve and causing the hammarto deaoend. The 
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■lop T is held in position and oanaed to act npon the rod S hj the nxring f ; and thk 

aUowB the stop to aoooDimodAte itself soffidently to the slignt additioiMd apwavd motioD^ Am 

hammer whioh takes place alter the reversing of the yalve, snch motion being doe to ttie «■» Wca 

of the moving mass. In hammers haying cSij a short stroke the stop T is &ed, hot whm it ia 

requisite that ttie hammer shall admit of variations in the height of fall the stop is eanied on an 

adjostaUe plate. When it is required to work the valve by hand or 

stnke a dead blow, it is necessary to disconnect the rocking lever N firom 

the other parts of the motion by drawing ont the handle P, and thna 

allowing the stem K to work thioagh the slot in the roddng lever N, 

Figs. 1403 and 1405. In this ease also the stud e may be tightened in the 

slot D bv means of a bolt. 

Sholl's atmospheric hammer, Figs. 1406 to 1411. Fig. 1408 is a hori- 
sontal section through the cylinder or tap B ; and Fig. 1409 is a vertical 
section of the same on the line xx. In this hammer the striking part B 
consists of a c^inder with a piston D which is connected bv means of 
the piston rod B and ooimeoting rod F to the crank pin G ; the cylinder 
C being filled with compressed aim whioh forms an elastic connection be- 
tween Sie striking part and the pbwer by which it is operated. is 
lined with lignnm-vitn or some other slow conductor of heat, in order 
that the heat generated by the compression of the air in the cylinder may 
not be commonioated to the adjacent parts, and to prevent injury to the 
packing leathers of the stuiBng box and piston ; for similar reasons the 
piston 1> is made of the same non-conducting materiaL One of the 
principal features in this hammer consists in the stuffing-box leathers a 
and cylinder leathers a' ; these are so arranged that the pressure of the air 
within tends to Ibroe them into contact with the surface of tiie cylinder 
and of the piston rod, and by these means a perfectly air-tight joint is at 
all times eecured. Fig. 1410 is of an alternative method of fitting the 
packing leathers a and a' ; annular recesses are turned in the fiice of ihe 
piston and of the cylinder oover which are free to communicate with the 
interior of the cylinder by means of a number of small apertuzes c and c* ; 
the compressed air passes through these apertures and so forces the leathers 
a and a against the surface of the cylinder and of the piston rod. In the 
side of the cylinder G is formed an air-tight passa^ d which, by means of 
the valves e placed at the top and bottom, communicates with the interior ; 
in the side of the cylinder are also formed a number of small apertures 6 
which are opened and closed by valves. These valves may be opened 
or closed at pleasure, and are arranged to be actuated by the cylinder 
in its reciprocating moti(Hi, their object being to regulate the force of the 
blow struck by the hammer. The <mving power is a belt, its action being 
regulated 1^ means of the steel friction brake /, which is actuated simul- 
taneously with the belt tightener by the treadle A ; and by this arrange- 
ment the hammer may be made to deliver blows with any desired force 
or rapidity, or to ^ve a dead blow. In conjunction with this hammer, 
a special construction of anvil, Fig. 1411, is employed. The anvil block 
I can be raised or lowered at pleasure bv means of the wedse pieces k and 
/, which are caused to apjsroach or receae frx)m each other by the right and left handed screw si. 
The principal object of tnis arrangement is to allow of the hammer delivering any number of light 
blows with great rapidity. 

David Davy's power hammer, Figs. 1412 to 1414. Fig. 1412 is a front elevation partially in section. 
Fig. 1413 is a vertical cross section, and Fig. 1414 a horizontal section through the cylinder and 
framing. In general structural appearance this hammer is very similar to the ordinary pneumatic 
hammer ; the tup A being attached to a piston B working in a cylinder 0, connected to a cremk 
shaft £, from wMch it receives its motion in the usual way. The construction of the cylinder, 
however, differs considerably from others. In pneumatic hammers as usually constrocted the air is 
admitted to the cylinder at atmospheric pressure, the comjjression above and beneath the piston 
necessary to ndse the hammer and to accelerate its fall, being effected within the cylinder itself, 
and consequently the construction of a very powerful hammer on this principle is almost imprac- 
ticable, on aooount of the large capacity which would be required in the cylinder ; but in this 
hammer the air is introduced into the cylinder at a liigher pressure than that of the atmosphere, 
and increased according to the power required. Steam may be employed to teke the place of com- 
pressed air in the Cylinder C, but in that case provi^ion must he made for oanying off the 
water of condensation. It is claimed for this hammer that by supplying the air to the cylinder 
at a pressure exceeding that of the atmosphere, the power of the hammer is increased to a 
corresponding degree ; and that consequentiy under this system very powerful hammers may be 
constructed without increasing the dimensions of the cylinder as would otherwise be required. 
On each side of G is a pipe F for conveying the compressed air from ihe accumulator B, Fig. 
1415, to its interior; the portions F' of these pipes are parallel to the sides of the cylinder 
G, and pass through stuffing boxes at the top of the chambers G situate on each side ; the 
cylinder in its reciprocating motion slides up and down the pipes F', and so maintains a constant 
connection between the supply pipes F ana chambers G. The chambers G communicate with 
the interior of the cylinder G by means of the holes H which are placed so as to be immedUttely 
above and below the piston B, when the latter is at the centre of its stroke ; and these holes are 
fitted with screw plugs H' by which any of them may be closed, in onler to regulate the amount 
of extra compression which shall take place in the cylinder G in the ordinary way. On the 
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« of tbo oylinder these are ImgitadiiiaJ lelief clunii«la I tbi the pnnioM of allowiag tha 
,ireaeed ait to pan Tiora the upper to the lower side of the piston B, when the latter pnnaM 
beyond the ends of the (jiuiaela, and bo to restore the equilibrium within O. Pig. 1 JlSii ft seotioa 
throDKb the appMatot employed for Bapplyiag the compraaeed air to the oylinder C. The 
crliu&r of tbe air piuap H, with ita geotion and deliTerj mlves NO, ore placed within the 
cloBod obambei F, which is filled with water to aboTe the level of the opening Q, the water being 
poured into the oiBtem at the idphon trap Q', throngh whioh als> a drawn the nfiply of air M 
the snotion ralve N ; the object of this arrangeioont being to purify and oool the air befoie oom< 
preaaing it. The bcittom of the aooumulator chamber R' ii also made to dip into the water in 
the dilem P for tbe pnrpoae of keeping cool the compreased air oontalned thetein. Tbe aocnmii- 
lalor ram B is loadM with weighta in the nanal way in order to obtain the required preHOie 




within the ohambei B' and ajlinder C The pomp plunger K ii worked ftom an eooentrio on the 
■haft L. To obnate the neceadty for atoppug tne plunger K each time that the aocumulator 
oylinder ia enfflciently obarged, the following meau are adopted. A rooking ahaft 8 la tDonoted 
" M>dii "-'--"^ ■ i---. — J -- .- ^ ., 



andii pmride 
e N off Its M 



(be rod T will drop and allow the earn S' and Talre N to return b 
tiie ptunp will again c<»nmeDoe to deliver air to the aconmnlator B', 

Longworth'a pnenmatio hammer, of whioh Figs. 141Sand 1417 are fnmt and ride elevations, ia 
■> tompliaated In the detail! of ita oonatrooUon, ttiat it ia very qneationable It it oan afford gatis' 
botoryreanltain working, aa among lo much oomplioation of puita there nnst of neoeasitybaliabilitv 
to deraogement ; at the Mune time the manner of oonitruotiog the oylinder, which doea away yiiui 
tbe DSMMity for the nae of packing, muit be an improvement of mncb practical value if found to 
work wtiafiwtorily. The pecnliaritifls in tbe oonatniction, and the manner of actnating this baouner 
will, howerer, be iMdily midentood from the loilowing deaoription. Tha boriieutal shaA A ia 



Mt and loom imlle;a a a*, uid ia dritra by k bait 
sqmn it) aeebon, uid on lUi Moaie part the ti 
e of the rotor; motion ot tbe suft, and at the 



downward Btroke ia 

flie cam C upon the roller c. Is («der to do awar 

with the Dsoeesfty for pMokltig glands to tlie ail 

vyliDder of the tap, the aame is ootutmBted aa 

in the BeotioD, Fig. 1417, The main or oatsr 

oylinder F, which fonns the tap, alidea in V-shaped 

gnidee in the'fiBnung of the maohina, and naa 

working in II the piston P, this being formed with 

an internal cjtindet to reoeiTe the aeoondai^ 

pislon /, this latter piston being attaohed to the 

main hammer F, b; a pin /' whiah pntnrt throngh 

slota in the piston F : through the npHr part of 

tba piston P passes the piny, which fonns with 

the ferer J the means of oonnection between the 

rooking; lever D and hammer F; and Into the 

tap of the piston P is sorewod a guide rod p, 

wbioh works throngh a part of the framing. The 

action of these pistons and cylinders is as ttShwa : — 

When the piston P is forced down, a onsbion of 

oompreeaed air is formed between the bottom of ' 

it and the interior of the main ojlinder F ; and 

when the piston P is raised a similar onsbion is 

Ibnued between its interior and the bottom of the 

piston / ; the air for this pnrpoee entering throoKb 

bole* or porta fbnned in tiie side of the main 

ujUnder F, Fig. 1417. Totbeboasof tlie risingcamBiafliedsoircnlardiaoOitheradinaofwliiehia 

eqnil tothelar^tradiosqf therisingcam. When the hammer is required to remain at rest, (lie diso 

O ia in the pomtion in Fig. 1117, whea it sopporta the roller i, and with it the rocking ahaft D, the 

shaft A revolving witliont imparting an; motion to the rocking leier. On the side of ths dlao 3 



tbereiianlncUnedoMiff.andDDtliebaaBof thediaeaalndlarcam^; thcaeeamaareslttiateiQdif- 
ferant planes, and are inclined in opposite direotianB. Below theahiA A and between tbe earns jg* la 
a hohMUtal disengagii^ rollur H mounted npon a vertical rod A, whioh is oonnaeted to the tbot lever 



V ; tb« roller H being held In Iti notsial or depiMnd poMtitm by meana of the Bpring d, the lowea 
end of uhld) b oonnetted to the ftamlng, uid iti upper end to tlie rod k. By p ro e ri og down the 
leierA' the roller H U brongltt into the plane of the cam ^, end Inr ite boUcfh et "" "" 



uid O Bltenuitelr to deprea and raiae tbe hammer ; and thii aotion will oontiDQe so long aa the 

lever h' 1> held down, k> that a ungla blow or anj number ol blows may be atrack bj the hammer 
aa required. Diiectly the lover h' u releaaed the ipring d draws down tlie roller H into the plane 
of tbe oam g, tbe action of the roller npon the cam g enniing the eeju B and C and dt*o O to elide 
in the contrary diieotion, or toward the left hand, whioh bdngi the variooe porta into the position 
Fig. 1417 ; and bo arreiti the motion of the hammer by tbe action of the disc O. Upon the shaft A 
are two oollan ««', whioh fit into receaaes formed in the boeaea of the cams BC,and act aa alrpiatona 
to check the momentum of the oanu when sliding on theahafE for the pnrpoeeor putting the hammer 
in or ODt of gear ; there is also an arrangement, shown in Pig. 1117, (or preventing the roller H 
from being foroed ont of the plane d the inclined cams g^ whue acting npon them. The dlatanee 
to which Uie hammer ia raised or depreesed, and oonaeqnently the force of the blow, is oontroUed and 
regolated as follows. The oonnection between tbe rocking iayei D and hammer F ia formed l)y 
meanaof the lever J, whioh ia circular in oroaa section; and this lever slide* freely through the pin 
- y, in the upper part of the piaton p. One end at tbe lever J la oonneeted to Ibe rocking lever D by 
the connecting rod E, and the oppoaite end ia pivoted on a movable fulcram on the hanging ann L, 
which ia fixed to a sector ahafl I carried by the main framing ; and according aa this fDlcrum is 
moved lo tbe right or left hand, relative to the connecting pin j, a gi«ater or leae movement will be 
given to the hBmmerF. To control the movement of this fulcmm, a forked lever M is connected by 
a series of shafts and levers to a clutch m on the shaft A : the clatcb being so oonneeied to the 
shaft aa to revolve with it, and at the same time being fteo to aliile npon it. The clateh m fa 
aitnate between two bevel wheela <i n', mounted loosely on A, each of these wheela being formed 
with a clutch on its surface. Tlie wheels n n' both gear with a pinion on the shaft N carrying a 
worm O which geara into a toothed aector o on the aeolor abaft I. When the forked lever H is 
moved to the riglit or to the loft the clutch m ia brought into drivine oontaot with one or other of 
the bevel wheels •> n', eansing the ahafl N and worm O to revolve, and ao moving the aector o and 
sector ahaft (, to which la fixed the arm L ; tbla, aceording as the aeotor ia moved in tbe one direo- 
tion or the other, Increases or deoreaaee tlie length of the lever J on the side K, thereby increasing 
or ahortenlng the diataooe through which tbe hammer F la raiaed and lowered, and ao causing a 
heavy or light blow to be atmok aa required. To the lower arm of the toothed sector o is pivoted 
a todR sliding freely in the guide r, and carrying two adjustable atop-oolluvx'. When the toothed 
seet<ff ia moved in either direetlon the collar i or >' ootnaa in oonttict with thearm r on the dutch 
ahaft, and throws the clutcli m out of gear with the bevel pinion o or t> aa tbe ease may be, and 
preventa any further motion of the arm L. Tbe connecting rod E and fulcrum arm L ate each 
provided with more than one hole, ao that the hammer F can be raiaed or lowered bodily, to admit 
of greater variation in the thickness of the woA operated upon. 






Fig. 1418 ia a aide elevation of Bntterfield'a atmoepheria hammer. The main frame of the 
hammer O is provided at the top with plummer blocks to support the jonmols b of the hammer 
beam B, of whioh Fig, H19 ia a plan. Thia beam ia of coat iron, in one piece, in the form of a 
traaa, having a oentml longitudinal web x with flanges and ribs y i on each aide of it ; the jonrnula 
b being aituale at about midway of its length. To tbe forward end of the be«m B ia attached the 
liammer A, which ia connected to the hammer beam by the forked rod end e. Between the cioM-beed 
FandcupaS, Figs. 1422.1423, are fitted solid iudiarobbcr cushions F' ; these cushions oroinovided 
with a central hole to allow of the passage of the rod 4, and they are finally held at a pnwer ten- 
aion between the crosa-head and onpa by meona of a tightening nut aoruwing upon tlie rod 4. The 
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oiuhioiiB V allow to Uie hunmei A aii eaej taovement, pTeTentlng nhodk and ramcmnoo, uid 
relievlDg the hammer rod horn mnoh of the rMdatance doe m Uie rebound. In the cironlu' loop A 
st the back end of the beam B u gnapeDdnd the aii cylinder O, Fig- 1418, which i» free to oauUata 
upon the sorewi i bj which it ia supported. is oloaed at bath ends, the piston rod E paaaet 
through a stufflug box, and is connected to the red of tlie eooentrio J. In the aide, ai about mid- 
way of its length, there is a amall hole fonning a commnnlcation between (be external air and the 
interior of the cylinder. The eooentrio J is made 

with a oentral slot to allow of its beiog adjusted to i^>^ i^^*- "^l- 

give a greater or laaa throw, in order to obtain an; 
ra^nired length of stroke of the piston D ; and thu 
eooentrio after being adjusted is flnnlj aeoiired 
npom the shaft H by meana of a nut turning npon 
the ahaft and a set screw paaaing through the coliar, 
H in the section Fig. 1120. Between the hammer 
A and main standard G is suspended the supple- 
mental t^linder L, shown in section Fig. 1421, the 
piston rod I is connected to the hammer beam by 
mean* of the centre screws tn, the oylinder itself being 
BO nu;>eaded on its oentrea n as to be &ee to oscil- 
late baokwarda and forwards in conformity with the 
op and down motion of the beam B. The diameter of 
the crlinder L is Um than that of the oylinder C ; 
and tne leiurth or thickneae of the inston P is nearly 
equal to hauthe length of the interior of the oylinder. 
In the side of L, and about midway of its length, are 
two small holes q, forming a oiHnmunioatiDD between 
the external air and the Interior of the oylinder; 

and at the top and bottom of the oylinder, and com- 14M. 

municating with the inlenor, are two cooks j> and c. 

This hammer is oonstmoted to be driven by the power obtained from a belt applied to the polley 
E, on the shaft of which is fixed the eooentrio J ; the shaft H being supported in plummei blocks 
which are fixed to the projecting arm d of the main Naming G. The treadle B and tightens T are 
im starting, stopping, and regulating the speed uf the hammer. The treadle S, Fig. 1418, is 
piroted upon pins which are fixed in the sides of the framing : on the nde where the belt pulley K 
IS fixed the end of this treadle has a segmental rack I gearing into a similar rack u on the &ont of 
the tightener arm U, pivoted upon the pin v, nbioh is fixed in the side of the arm d; on the under 
^e tUTthis ann is aprtneotingdioe w, whibh ettendB within the rim of the pulley K, and this shoe, 
when the treadle is leleased and the tightener falls awer tnot the belt, acts as a brake upon the 
pulley, and so arrests the motion ct the driving shaft Hi cm the opposite side of tha framing the 
end t of the treadle 8 is fbrmed to act simply as a couuterweigbt. Tne oylinder C with its attach- 
uenla it constructed to equal (be weight of the hammer A and its attaobments, thus balanoing the 
betun B upon its jouroabA; and, oonaaqnently, the power reqaired to work this hammer is email, 
being only so muoh as la Deoeesar7 to overoome the inertia and friotion of the parts. 

When the piston D, by the revolution of the eccentric J, is caused to descend, the oompreedon 
of the air in the lower part of the cylinder oommeooes immediately^ that the piston hae passed 
the opening A, and directly the power developed by this compression is sufficient to oveioome the 
inertia and friotion of the moving parts the cylinder C is drown down, and the hammer A begins to 
rise ; when the eooenlric arrives at the bottom of its throw, and the movement of tha piston is 
nversed, the hammer A will ooutinDe to rise under the combined Inflaence of the power developed 
hy the expansion of the air in the bottom of the ovlinder G and the momentum which it has 
aoquired ^m the downward stroke of tho piston, until the power developed by the compression of 
the ui in the upper portion of the cylinder is suffioiont to overoome theee two foroee, when tho 
hammer will be driven down upon the anvil B, the force of the bkrw being in proportion to the rate 
of reciprocation of the piaton D. While the eooentrio J is passing over ita lower dead centre the fdstoa 
it, with its rod and connections E, is supported by ttie oomprened air in the bottom of the cylinder, 
and thos the eccentric ia relieved of all thrust while reversing the motion of the rod and piston ; and 
the same relief is aooomplished while the eooentrio iapassing its uppw dead oentie by the action of the 
~ mpreasad air in the upper part of the t^Under. This arrangement posaesMS, however, tha dind- 

... r J > .!.__.. — ^ ijjg bearings 4, oonsequaut upon the ooutiuued upward 

rsing of the rod E ; and it is for the puipoee of oounter- 
Mting this strain that the intatmediate cylinder L is employed. The motion of the piston F is 
oontrary to that of the piston D, and oooseqaeatly when the cylinder O desoenda, the piston P is 
drawn to the top of L, and tho tension of the compreasul air therein is opposed to the downward 
motion C; and by tho proper balancing of ttiese opposing forces all upwanl thrust of the journals 
6 is prevented, the hammer beam B working smoothly without any jar or shock. The regu- 
lating of these foroee is accomplished by meens of the cook p, by the opening or dosing of which 
agreater or less escape of the compressed air will take place from the upper part of the oylinder L. 
The piston D posses its vent k at midway of its stn^; but the piston P outs off its vent f almost 
Immediately that it begins to move, so that the amonnt of oomprcMion obtained in the oylinder L 
will be about donbla that in the cylinder 0; thisoUowsof aooneepoDdingadjostment of the valve 

E, It is a mattarof great importuioe in hammers^ this class to M able to vaqr the power of the 
low without altering the speed, and this Is eSbcted Id this hammer by means of the valve r, which 
Is placed at the bottom of the cylinder L. When r is closed, the air which is ootnpreaaed under the 
piston P absurbs the force exerted bj the downward stroke of the hammer, without in an; way 
affeetiug its speed. 
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Alfred Davy's power hammer is shown in Figs. 1424 to 1426; Fig. 1424 is a front elevation, 
Fig. 1425 a side elevation, and Fig. 1426 an enlarged view of the tup and its connections. The 
shaift D is so arranged as to be capable of being raiseid bodily, so as to increase the distance between 
the face of the tup C and of the anvil B ; by which means the hammer may be caused to give any 
number of light or heavy blows without interfering with its speed, or it may be so far raised as to Iw 
free to oscillate without giving any blow. At the upper port of the standards A are two guides G, 



1434. 



1425. 




1426. 



between which are placed the bearing blocks F, which carry the shaft D ; the blocks F being free to 
slide up and down between the ^des G. To the rear guides are pivoted the levers H, which pass 
through slots in G. At the back of these levers are fixed weights W suflSoiently heavy to counter- 
balance and lift tiie liammer tup G and shaft D with their connections, and at their forward ends 
the levers are connected by means of the rods I to the treadle K. The parts H, which pass through 
the guides G, are slightly rounded on their lower and upper edses. When the hammer is out of 
gear, the levers H cause the blocks F to rise in the guiaes by the 
action of the counterweights W ; and thus lift the driving shaft D, 
and with it the tup 0, so that the latter will oontinue to oscillate 
without striking the face of the anvil. By pressing down the 
tr«idle K, C will strike the object placed beneath it, the force of 
the blow being in proportion to the extent that the treadle E^ is 
depressed ; the farther the latter is pressed down the heavier being 
the blow delivered by the tup, and conversely. The tup G, made 
of cast steel, has an opening c extending from front to back. 
Through the upper part passes the spindle L, on which are fixed 
the two rubber cushions K N', supported in their proper position by 
metal discs and nuts screwing on the spindle L ; the distonce apart 
of the cushions being so regulated as to give that amount of play 
between them and the part of the tup which thoy embrace, which 
is best suited to the size of the work being operated upon. The 
spindle L passes through the guide M, bolted to the standard A, 
and is connected to the eccentric rod K'. The cushions prevent 
or minimise the shock to the driving shaft and other working parts 
of the hammer, and the play between them and the tup serves to 
accommodate the hammer to work varying in size within certain 
limits; sufficient play being always allow^ to permit of the tup falling entirely independent of 
its connections, so that the force of the blow is due solely to the veloci^ and weight of the tup, 
and is not either accelerated or retarded, by the indiambber cushions, at the instant the work is 
struck. 

Fig 1427 is a front elevation of Glossop's hammer. The power is applied to a pulley on the 
shaft of the flvwheel N by a belt, the hammer being lifted by means of the cams L which are 
fixed to the shaft M. The frame A is of cast iron, secured to the base plate B, and is further 
secured by means of the cap G. D is the anvil block supporting the anvil E. The tup F is 
supported by the lever G, having its fulcrum at U. The end G' of this lever is made of a circular 
form ; the opposite or shorter end of the lever is acted upon by the springs J, the tension of which 
can be regulated by means of the screws K ; the object of these springs bein^ to balance the weight 
of the tup F, and so reduce t)ie work of the cams to a minimum. The rounded end d' of the lever 
G bears on two removable blocks I, which are let into receases in the tup F, so that the lifting 
action of the lever is always in a line perpendicular to the axis of the tup. On the sides of the 
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tup are guide stripe O, which work iu grooves formed in the standardB A ; P and P' are two 
friction blocks, having a spring between them, and R is a wedge-sliaped slide which is raiseil 
and lowered by means of the treadle S acting through the rod T and lever U, the wedge B being 
forced upwards and held at its highest position bj the action of the spring Y on the rcxl T; 
and when the wedge is in this position, the lever G is supported out of reach of the cams Li» 
so that the sliaft M may continue to revolve without causing the hammer to ar*t. On the under side 
of the cap C is a box X, in which is seoored a strong rubber or steel spring W. When the hammer 
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is in gear, the tup is propelled against this 

spring by the action of the cams L on the 

lever G-, causing the tup to descend with 

a much neater force than it otherwise 

would. The motive power having been 

applied to ttie pulley on the shaft M tlie 

latter will revolve, and with it the cams L ; 

the workman then presses down the treadle 

S which releases the tup, the revolution of 

the cam L then lifts the lever G and with 

it the tun F, and when tlie point of the cam 

passes the projection on the lever G the 

tup drops; the speed, however,* at which 

the lever is lifted by the cam propels it 

considerably higher than the cam itself, 

and causes the tup to strike against and 

compress the spring W, the reaction of 

which accelerates the fall of the tup, and 

increases the power of the blow. In order 

to obtain a lighter blow the pressure of the 

operator's foot on the treadle S is partially 

withdrawn, and the action of the spring 

Y on the friction blocks causes a pressure 

on the long strip O, thus retarding the 

action of the tup ; and when the pressure 

of the foot is entirely withdrawn from the treadle, the tup will be caught at its highest point, and 

held by Uie friction blocks suspended out of reach of the action of the cam I until pressure on the 

treadle again releases it 

Basse's friction forge hammer, shown in side elevation in Fig. 1428, differs considerably in its 
mode of action from those already described, resembling somewhat that of a pile driver. At the top 
of the main framing M are two friction rollers A, the axes of which revolve in eccentric bearings G,4o 
which are connected the segmental racks D gearing into each other. By raising or lowering the 
rod F, by means of the lever arm £, the axes C are brought nearer to or more distant from each 
other; the arm E being so balanced by the action of the spring G, which is attached to the rod F 
and to a part of the main framing M, that this lever £ will remain suspended in the position in 
which it may be at the moment when released by the workman. In order to ensure, as much as 
possible, the uniform rotation of the friction rollers A, each of the axes G is provided with a fly- 
wheel P, either of which may be used as a driving pulley. The hammer block H is attached to 
the hammer stem B, Figs. 1428 and 1429 ; it consists of a strong central core with a facing on each 
side, the whole securely bolted together and firmly held by trenails ; the gniin of the fiMsing 
should run in a diagonal direction, and it is best for the two sides of the stem to have the grain 
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roDning at right angles to each other ; the object of this arrangement is to expose a better biting 
snrfaoe to the rollers A than would be the case if the grain ran in the usnal perpendicular direction. 
The hammer stem is made with a gradual taper on each side, and is formed with a sudden reduc- 
tion of thickness at x. Motion being imparted to the friction rollers A, Fig. 1430, by means of a 
belt applied to one of the flywheels, the workniAU raises the lever £ until the friction rollers nip 
the hammer stem, and the latter is then lifted by virtue of the friction which is produced between 
it and the rollers ; by pressing down the lever E the hammer stem is released, and the hammer 
falls on to the anvil I, the force of the blow being in proportion to the height to which the hammer 
has been lifted. As the hammer stem is of a tapering form, it will only be raised by the friction 
rollers so long as they continue to approach each other, and so follow the reducing thickness of the 
stem ; and consequently the hammer will only continue to be lifted as the operator continues to 
raise the lever £ ; when this is released the hammer will be held suspended oy the action of the 
spring G. After the hammer has been raised to its full height the sudden thinning of the stem at 
X prevents its being raised any farther, and so avoids injury to the friction rollers. Bj these 
arrangements the hammer is capable of delivering blows with any required degree of rapidity or 
force ; while at the same time it will be found almost as easy to control as an ordinary steam 
hammer. 

Stacy's revolving hammer. Fig. 1431, is arranged to deliver a series of elastic blows, in very 
rapid succession. When employed for shaping round bars, the faces of the hammers G and of the 
anvil I are shaped as in Fig. 1432 ; for reducing the thickness of plates, a hammer fiace as in Fig. 
1433 IB employed, where uxe rounded part of tne face gives the blow, the flattened portion of the 
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same acting as stops to regulate the amount of reduction in thickness which shall be given to the 
plate. The rotary shaft A is mounted in the arms B ; the opposite ends of these arms being 
carried by the fixed axle C which is supported by the brackets D. Through the front end of the 
arm B there passes a rod E, the upper part of which is provided with a screw ^read working in a 
fixed nut E' ; and by means of this rod the axis A may be raised or lowered at pleasure, so as to 
accommodate the hammers G to the thick- 
ness of the work, and to regulate the force ^*^^ ^*^ 
of the blow to be given. The curved arms 
F' are cast with 3ie boss F, and to their _ 

ends the hammers G are hinged ; the joint \ \ \y^ I ^\ ^^^^rw 

pins of the hammers being equidistant from \ \ v / V ^-^"^COJ 

each oUier and from the axis of rotation. 
The arms F', at about the centre of their 
length, are cast with swells having holes 
pierced through them to allow of the pas- 
sage of Uie stop-pins H ; which are screwed 
into the backs of the hammer heads G, and 
they are fitted with adjusting nuts at their free ends for determining the distance which the 
hammers shall fly out when impelled by centrifugal force. The hammer faces are slightly rounded 






ftom a belt and pulley MM'. The spur wheel L is keyed to the shaft A, and the wheel L' and 
pulley M' are keyed to a sleeve on the ^aft C. When the shaft A is slowly rotated in the direction 
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ofthsarmw tbe hammen are drawn over the work, gimpl; prOBaing with tho taroo dae to their 
weight, ixm trolled however bv the etop-pina H; bntas anon u the proper Bp<-ed is attainud, this 
drsKging presaure is oon verted iaUi a smart blow, the recoil from wliich will onrry the hammer cleair 



ward*, or away from the sxie of rotation dnriug their entire roTolutinn ; the blow b delivered while 
the hammer is at its outermost limit a agoiiist the stop. This hammer may be cangtructeil with 
a greater number of Btriking faces G', but id this case tlie hammers Q aro carriBd by two circolar 
flanged plates N, Pig. 14S4, and in place of the slops H, a scries of radial elota h are provided 
eqnal to tlie number of the liammers, and in these eloia slide the etop-pjiu i, the ends of the slnu 
* being packed with some elastic Bubslanee in order to reduce shook. The hammers Q are con- 
nected to tlie diaca N by means of stud pins wliioh pass through aooktt holee in them. The 




Btemt of the hammers O are forked to allow tho head of the adjacent hammer to fam Ibroogh, u 
ID Fig. 1435, and for the same purpose tho sides of tho hammer beads are reocased m order to allow 
of tbe free play of tho hammers each within and independent of the otiici. Instead of employing 
the method of mounting and gearing. Fig. 1431, the liammer may be supported in bearings in 
the hanging braokcts D, and th'iveD direct from tho belt by means of fast and looee pnUoys on the 
shaft A : but in this enau the anvil I mui>t be capable of being raised and lowered to stlit the dif- 
ferent tbiukneases of tho work operated npon, and also for the purpose of regulating tbe force of the 
blow. 

HEAT. 

The principal theoretical oonsideratiuns in the modern seience of Thermodynamics have 
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a direct bearing on many puinU in the contraction of steam engincB, in oonnection with the 
phenomena wbiob piriodicelly Like place in an engine moving nniformly, regarded solely from a 
theoretioal point of view, without any regard to mticbnnical details of constmction. As an example. 
take the caaa of an eipansive, high-preunre, oonilcnsing engine ; it will be seen that the thermal 
phenomena naturally divide 1 1 lemselvea into two classes. 

A detlnite maHa of water at a certain temperature. 1, is delivered from the condenser intp the 
boiler, and there convertud iuto satur^iled vapour at a temperature, T. This change involvee a 
oaloulable depression of the temperature of tbe products of combustion of tbe fumace. 

The saturated vapour passes into the cylinder, impels the piston, and expands, aftor which tt 
escapes to the condenser, where it is cooled down to the initial temperature, t, maintained constant 
by any suitable means. Also a certain quantity of heat is lust, being given up to raise or maintain 
oonitant the temperature of various surMunding bodies. 

At the end of a double stroke the entire system is thus brought to identically tho state in which 
it was at first, with, however, this important difference, that a ocrtain amount of heat has been 
transferred from more to less highly healed bodies, and this will be the one esaetitiul condition 
required in order that anv machine m.iy be made capable of acting as n source of power. 

As early as 1798 tbe neat generated in the boring of a cannon led Bumford to undertake a scrjca 
of ciperimenls with a view to ascerisin the value of the meclianical equivalent of heat, that is, tbe 
amount of mechnnitsl work, eiprcssid in foot-pounds or any convenient measure, which will 
' generato sulficient heat to raise the leitiperature of a certain quanlity of water by a definite amount. 
Itevy also made experiments on Ihe Bama subject, but the fiiat accurate results were those of Joule 
in 1843-49, whose eipcrimental dctetminationa confirmed Ihose prevtouely obtained by Mayer in 
Oormany. mainly from theoretical considerations, and to these discoveries we owe a very large 
portion of our knowledge on this and other kindred subjects. 

In Great Britain tlie mechanical equivalent is generally defined in terms of tbe foo^ the pound, 
and Fahreuheit's scale of temperature, the unit of mechanical work being 1 lb. raised through a 
space of 1 foot. The boat-cquivBloiit may therefore be defined to be that amount of Work which, if 
exerted on 1 lb. of water at the ordinary temperature, would raise it one degree on Fahrenheit's 
•cale ; it haa lately becD found to be 772 foot-pooDda. This is known aa the Fint Law of Thermo- 
dynamics. 

On the Frenoh or metrical system the metre, kilogramme, and centigrade scale ue employed. 

It will be Bt'cn that resulta espresaed on tbe former system can be nearly converted to the latter 
by multiplying by the rractioo 0'54H6, and metrie reeults can be expressed in English mcacure by 
multipljing by r822R. The form of the definition shows that tile work done in raising any 
quantity of water, through a vertical height of 772 fei't, would sufllce to raise it* tempcmture 
1 ^ Falir. 
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For a detailed acooant of the methods which have been employed to determine the mechaniOcLl 
equivalent, the reader must be referred to the various treatises on heat, but Table I. shows the 
principal methods which have been employed and the results obtained. 

Table I. Bica. 



Nature of the Thenomenon by m«an8 of whidi tbe 
Mechanical Equivalent was detennined. 



General properties of air assumed to be a 1 
perfect gas / 

Friction 

Action of the steam en^ne 

Heat generated by induced currents 
Heat generated by an electro-magnetic 1 

machine in action and at rest . . . . / 
Total heat generated in the' circuit of a i 

Danlell*s battery / 

Heat generated in a metallic wire when \ 

traversed by a current / 



Authority hy whom 

the Mrthod 
was first BUfirgofltM. 



Name of ObBcrver. 



Mayer 

Clausios . . 

Joule I 

Clausius . . 
Joule 

Favro 



Bosscha 
Clausius 



( 



V. Begnault .. .. "i 
Moll and Van Beck / 

Joule 

Favre 

Him 

Joule 

Favre 

W.Weber .. .. \ 
Joule / 

Quintus-Icilius 



Rrault 

in English 

Measure. 



768-6 

772-69 
753 
752-8 
823*6 

807 
766 
729 



The differences observed in the above results must be regarded as errors of experiment, for a 
certain amount of heat must of necessity have only one definite mechanical equivalent. This 
number is, as mentioned above, 772 foot-pounds in English measure, equivalent to 424*6 kilogram^ 
metres on the French scale. As specially interesting in connection with applied mechanics, 
it may be well briefly to recapitulate the method adopted by Hirn in his experiments to determine 
the mechanical equivalent by the use of the steam engine itself. 

Two sets of determinations were required, the thermal and the mechanical, and these may be 
considered separately. 

With the engine moving at a nniform rate, the quantity of vapour consumed in a definite 
number of strokes was ascertained, as well as its temperature and pressure, care being taken to avoid 
both superheating and the presence of suspended drops of moisture ; the total heat of vaporization 
at any given temperature being known, these data suffice for ascertaining the number of units of 
heat withdrawn from the furnace for the production of this quantity of vapour. To determine the 
heat given up to the condenser during the same period, it was only necessary to measure the quantity 
of cold water, at a known temperature, required to maintain a constant temperature in spite of the 
arrival of vapour in tiie condenser. The amount of heat lost by radiation and conduction was noted 
and deducted. To determine the mechanical effect, that is, the pressure at each instant in the 
cylinder. Him had recourse to Watt's indicator. The results obtained were very variable on account 
of the great number of sources of error, but the best is probably that given in Table I. 

As bearing on these experiments, we may note a method designed by B. W. Farey, which consists 
essentially of a chest, into which the condenser water is conducted, provided with a float and a 
mercurial thermometer. A beam of light, after traversing a break in the mercurial column and a 
small hole in a piece of brass attached to the float, is projected on to a slowly rotating drum carrying 
sensitive paper, and lines are thus traced which indicate the amount and temperature of the water; 
from these data the quantity of heat can, of course, be at once calculated. 

It is well known that the volume of a given mass of a substance varies with the pressure to 
which it is subjected, but to completely define the physical state in which it exists, the temperature 
must also be specified ; for at higher temperatures greater pressures will be required to maintain a 
given volume. Hence, if the relation between volume and pressure be represented hy points as in 
the indicator diagram, and all the points corresponding to a given temperature be joined to form a 
curve, this curve, called an isothermal line or line of equal tem|)erature, will show tlie whole 
behaviour of the substance under the given conditions. 

The simplest form of isothermal is that corresponding to a perfect gas, and although it is certain 
that nothing accurately obeys the laws of a perfect gas, yet it will be necessary first to consider 
such a one ; and air, oxygen, nitrogen, or any of the gases wliich have nut been liquefied by cold 
and pressure, may be taken to be perfect within the limits of experiment. 

The laws which such a gas is found to obey are; — Boyle's or Mariotte's Law. — The volume of a 
given weight of a perfect gas varies inversely with' the pressure, the temperature remaining constant 
Charles* or Gay-Lus8ac*s Law. — The volume of a perfect gas under constant pressure increases for 
each degree rise of temperature by the same fraction of itself, whatever be the nature of that gas. 
Tills fraction is found by experiment to be 0*003665, or ^f^ for each degree Centigrade, and 
0*002036, or ^^4^ for each degree Fahrenheit. 

If rectangular axes O V, O P, Fig. 1436, be taken representing pressures and volumes on any 
arbitrary scales, the first of these laws supplies all the data requisite for drawing any given 
isothermal. For if Y and P represent volume and pressure, Boyle's law asserts that 

P X V = a constaut. 

« Now, it is shown in conic sections, that a rectangular hyperbola is the curve which satisfies the 
alx)ve condition, the axes being the asymptotes, or lines to which the curve is continually upproacliing, 
but never actually reaches. 

From the second law abovO| it will bo evident that when the isothermal corresponding (o any 
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giyen temperature is known, those for all other temperatures can be at onoe calenlated. For. if V^, 
y, and v. are the volnmes at the temperatures O, T, and T| degrees on Fahrenheit's scale, the 
pressure r remaining constant ; we have by Charles' law 

V = Vo (1 + 0002036 T), and Vj = V, (1 + 0002036 T,). 

Therefore the ounres corresponding to the temperatures O, T, and T, will be defined by the 
expressions 

P y« = a constant. 

P Vo (1 + 0' 002036 T) = a constant. 

P Vo (1 + 0- 002036 T,) = a constant. 

The same axes being employed. The constant, of course, differs in each case, and is determined as 
soon as P and Vo at any given point are ascertained. 
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Geometrically interpreted, these expressions show that the curves consist of a series of hyperbolie 
parallel to each other, and having the same asymptotes ; and further, if, while the pressure remaina 
constant, the portions rci, Vj, v^ be marked off, representing the increase of volume of the gas 
corresponding to 1° F. rise of temperature, at the constant pressure p, and the parallelngrams, 
/) O V M, p O Oj N, p O V, Q, Ac., be completed, the points M, N, Q, will be on isothermals cor- 
responding to temperatures which differ by 1° F. from each other. 

If two points M and B on any isothormal be considered, it will be seen that, by the condition 
referred to above as beings involved in Boyle's law, the areas /> M r O and x>| B tj O are equal : 
now these are proportional to the intrinsic energy of the substance, and it is therefore clear that no 
work can be obtained from a perfect gas by simply changing its volume and pressure, the tempera- 
ture being maintained constant, except by the application of a corresponding amount of heat. 

Let us now turn to the case of those substances which do not fultH the conditions of a perfect 
gas, such as carbonic acid gas, or, in a still less degree, steam. In such a gas, the volume decreases 
more rapidly than the pressure increases. Hence the expression P x V, decreases as we increase 
the pressure, and if at A, Fig. 1437, the isothermals of a perfect and imperfect gas coincide within 
the limits of observation, a second point B, corresponding to p^, for the perfect gas will be obtained 
in the manner already explained ; and C for the imperfect gas is given by constructing the rectangle 
/>! O Q C eoual to P x V, and as this expression decreases with an increase of pressure, the curve 
will be in all cases below that for a perfect gas at the same temperature. Of course steam in a very 
rarefied state approximates to a perfect gas, and the curves oeoome practically identical, but on 
decreasing the volume they tend to diverge. 

Let the case be taken of steam boiling at the atmospheric pressure, and let O p, represent that 
pressure ; we shall thus obtain the isothermal corresponding to 212° F. Beduce the pressure so 
that the whole of the heated water may exist as steam, and Uien by means of a piston reduoe the 
volume, maintaining the temperature constant. 

At pressures well below one atmosphere, such as O p, the curve will be approximately a reotan- 
gular hyperbola, but at the atmospheric pressure its form will suddenly and entirely alter, becoming 
straight and parallel to the line of volumes, as represented by the line C p,. It will be found 
impossible, re&iining the temperature constant, to permanently raise the pressure until all the steam 
has been brought to a state of water, for any sudden increase of pressure will be at onoe neutralized 
by a reduction of steam to the li<juid state, and the converse will be true in the case of a decrease of 
pressure ; thus the isothermal will remain horizontal while the volume is decreased in the ratio of 
165 to 1, when the condition will be represented by a point too near to p^ to be distinguished on the 
scale of the figure. A great increase of pressure, as u well known, is required to appreciably alter 
the volume of water; hence when all the stram has been condensed, the isothermal becomes approxi- 
mately vertical and rises from P| towards P. For higher temperatures than 212° F., the iaothennals 
have a similar form, but as a greater pressure is required to produce condensation, the horiiontal 
portion is proix>rtionateIy shorter. 

If the points, similar to C, at which condensation commences at the various temperatures, be 
joined, a steam line is obtained, such that all points outside it indicate a substance entirely 

gaseous. From what has iust been said, this line must blope towards the vertical line of pressures, 
ut a similar line, calied the water line, passing through the points at which the horiiontal 
portions of the isothermals become approximately vertical, that is, the points at which all the vapour 

IS condensed, will slope from the vertical axis, but very slightly, since the volume of a given 

of water increases with a rise of temperature. 
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Dr. Andrews has made aome toij remarkable experiments on carbonio acid gas to ascertain 
whether the gas and liquid lines, corresponding to the steam and water lines in the case before us, 
ever meet, and he has preyed that such is the case. He finds that if this gas be subjected, at a 
temperature of 88° F., to a pressure of 7i atmospheres, it is in a critical condition, and any slight 
change of pressure causes it to take entirely the liq^uid or the gaseous state. This is also the case 
at any higher temperature, with a corresponding mcrease of pressure ; and as the temperature is 
still further increased, the form of the isothermal approximates to that for a perfect gus. 

We have hitherto considered only the case of a fluid maintained at a constant temperature, but 
if it be so arranged that no heat either enters or leaves it, the nature of the curve is entirely altered. 
An experiment fulfilliug such a condition is, of course, ideal, as no substance is impermeahle to heat, 
but it IS nevertheless pos^dble, by the aid of complicated apparatus, to ascertain the form which the 
curve would take, ana such curves, called Adiabatics, from two Greek words signifying " not pass- 
ing through," are of very great importance in considering tiie properties of a substance in its relation 
to heat. 

These explanations enable us to consider the remarkable work of Camot, 1824. The great 
advances made in the science of thermodynamics since his time are due in great part to the intro- 
duction by him of the ideas of a cyde of operations and a reversible cycle. The first of these implies 
that in considering the working of a heat-engine, no assertion can be made with regard to the 
heat absorbed, unless the series of opetations to which it is subjected be such that the steam and 
water are in precisely the same condition, as regards pressure, volume, and temperature, at the 
conclusion as they were at the commencement of t^^e series. 

In Fig. 1438 let A represent the condition, as regards pressure and volume, of a certain weight 
of any working substance, at the low temperature t, contained in a cylinder of some non-con- 
ducting substance which is closed by a piston without weight, and let us consider the cycle of 
operations represented by A B C D, in which A B, C D are 
aaiabatics, and B G, A D are isothermals corresponding to 
the temperatures T and t respectively, of which T is the 
higher temperature. 

In order to efiect the operation represented by A B, the 
pressure must be increased from O 1 to O 2, by depressing 
the piston, no heat being allowed to escape, and this pro- 
ce--^ Wing continued until the temperature is raised to T. 
Now it is shown in works on elementary meclianics, that 
the work done during the compression of a fluid is eoual to 
the diminution of the volume of the fluid multiplied oy the 
mean value of the pressure to which it is subjected. In 
the present case, the diminution of volume is represented by 
a 6, and the mean pressure is the mean ordinate between B b 
and A a, and their product is evidently the area BbaA. Hence the work on the substance is 
measured by the area B 6 a A, and, with relierence to the work obtainable from such an ideal engine, 
this is negative. 

Now, allow the volume to increase gradually, at the same time communicating sufficient heat to 
maintain the temperature constant. The process will be represented by the isothermal B C, and the 
volume will increase from that represented by 6 to that represented by c. As, however, the volume 
is increasing, the working substmce is doing work on external bodies, and this, represented by 
B 6 c G, is therefore positive. This, it must bo noted, is the only operation during which heat is 
absorbed by the substance. 

In the third operation, allow the body to expand without losing heat, and thus to traverse the 
adiabitic G D, and let this expansion continue until it has occasioned a fall in the temperature of 
the working substance from T to ^. Positive work represented by G c (i D is thus obtained. 

In the fourth, and final operation, the piston is depressed, the temperature being maintained con- 
stant by withdrawing heat, until the initial volume is attained. The work during this process is 
negative, and is measured by the area DdaA, 

The cycle is now complete, and, since the substance has been brought to its exact initial condi- 
tion, we are at liberty to reason upon the relation between the work acquired and the heat spent in 
acquiring it. The fi^re siiows at once that the positive work exceeds the negative, by an amount 
represented by the figure A B G D, traced out during the cycle. The second is the only operation 
during which heat is communicated to the body, and during the fourth alone is heat withdrawn fh)m 
it. Hence the work represented by A B G D is obtained by Uie putting out of existence of an 
amount of heat H — A, supposing H and A to be the first and second of these quantities. 

It will be at once seen that tlie above cycle of operations is reversible, that is, we may, com- 
mencing at the same condition of temperature, volume, and pressure, as represented by the point A, 
cunse the working substance to assume the conditions D GB A in succession, by (1) expanding at 
the lower temperature ^ during which it will absorb an amount of heat h ; (2) compressing without 
losing heat to G, when it will have the temperature T ; then (3) compressing at this temperature to 
the volume O 6, during which operation an amount of heat H will be given out ; and finally (4) 
allowing it to expand without receiving heat to the volume O a. This reverse action shows that 
it is possible to transfer heat from a cold body to a hot body, but an examination of the figure makes 
evident the fact that this transference requires the expenditure of a quantity of work measured by 
the area ABGD. 

It is important to bear in mind that each of the above reversals is a legitimate one. Thus, it is 
just as easy, physicslly, to cause the condition of a body to pass from G to B along t)ie line B G, as 
from B to G, but if, iubtead of compression and expansion, conduction had been resorted to in order 
to transfer heat from the hot body to the colder body, no legitimate reversal of this could be efiected, 
for heat will not pass from a oold to a hot body by conduction. 
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Carnot laid down the prinoiple with regard to tlie purely thearetieal oonsidenitioii ol a rerenibte 
eogine, that is, reTeraible in the thenaodynamio sense, and not in the MDse OTdinaril; emplojed b; 
eDgineera, If a reveraible engine working between the teiiiperaturee T and (, and receiTing an 
amonnt H of heat at tlie higher temperatorD, produces n quantity of mechaoical woA W, then no 
other engine of any construction can produce a greater qnautity of work nndet nmilar oonditiooa. 
The fraction -^ ia called the efflcienoj of an en^e, both W and H being measured in foot-ponnds ; 
a revenible engine, therefore, has a malimum elGcienoy, and this fact is capable of verj simple 
proof. For if an engine U be assumed to exist with a greater efficiency and set to work the 
revernble engine N in the reTeree way, it will, tlirough its greater efficiency, be able to raise by the 
ingine N a quantity of beut from ■' :...,....■ _ .. . . , . ... 

joergy will tliua be stored ap by tl 
abeurdity of which may be liikeu tc 

The results erriTad atby followinaCamot'ssjetcm of reasoning lead to the seoond lawof thermo- 
dytiiunics, which is thus slated by Thomson ; — " It is impossible, by means of inanimate material 
•igency, to derive mechauiciil effect from auyportion of matter by cooling it below the temperature 
of the coldeet of the surmuading objects." Thomson was led by it to the discovery that the absolute 
zero of temperiitutc, or the point at which no heat wlmteTor resides in a substance, is at — 4131'' P., 
and this faot gives an easy means of defining tlie otEcieccy ota perfect engine. This efficiency may 
be shown to bo eqaal to — g— , where 8 and T are the ahsolote temperatures of the sonree of 
heat and condenser respeotively, obtained by adding the above number to the temperatnreeipreaeed 
on the Fahrenheit scale. Thus, suppose ao ordinary higli- pressure engine lo bo working at a 
preasure of 53 lb., tlie temperature of the boiler will be about -WIP F., and the oundenser will 
probably hare a temperature of about 100° ¥. Now, snppose this engiue to be perfect, its efficiency 
will be giyen by the fraction 

( 300+ * 6I)-(10 + 461 ) n.2s2 

30O + W1 ' 

ThHt ii, nearly three-fonrtlii of the heat supplied lo an engiiie working under the ordinary oondl- 

tions, but supposed to be perfect, and therefore reversible, would be unavailable for couvenioD into 

II will thus be seen that the efficiency of an engine depends soleiy on the range of tempentoro 
within which It works, and Ibe delennining of this is of great ImportAQoe in (he construction and 
manBgemcnt of steam engines ; for its eitenslon in one direction involTes additional stioigth of 
boiler ; and in the other, greater condensing power. 

The amount of expansion that can be made practioiilly useful has been a fruitful subject of dis- 
cussion aod controversy, and it has been shown by practical eiperienoe, rather than by theoretical 
deduction, that it is not adTanlageous to carry the rate of expansion beyond limits which themselrea 
have not up to the present time been clearly dellned. But apart from the theoretical aspect of this 
qaestiOD, which is often obscured b^ nnoertaiiities connected with the action of heat, there is a Ten 
practicut HEipect from which the suhject may be approached; and it will be the object of the inicceev- 
lag remarks to make this aspect clear. 

The indicator diagram, Fig. 1439, shows the advantages gained by doubling the preasnre, or bj 
donblingthe amount of expansion in a particular case ; the oost of such a change can alio be ounsi- 
dered, and thus the points defined 
beyond which expansion would not be '■'^*' 

worth having, in consequence of Uie r, .0 

cost incurred in obtaining it 

Let A B represent the stroke of n 

f!ton, say 30 in., lo a scale of 1 in. to 
rt., and A D a pressure of 77 lb. a 
square inch, there being 3 lb. lost from 
Ino original BO lb. in overcoming back 
pri'SBure A a in the condenser, and 
steam ifl cut oflr at E, or one-flflh of 
the stroke. Under thctse circuu- 

etancts, a measurement in the ordinary | 

manner will indicate an average pres- I 

surd of i-lS'T lb. a square iuoh to impel 
the piston. 

Let the atfam pressure be now 
raised lo 160 1b. a square inch, and the dingram will assume the form ABHGF, the arra 
being incrensed by D EF O, which represents the amount gaineil by the additional pressure, out off 
being at one-tenth of the stroke. This additional area gives 55 lb. pressure through one-fiflb of 
the stroke, or 11 lb. if distributed throughout the entire stroke. 

Thus, to gain II lb. above 38'7, or 28 per cunt., it has bocn necessary to doublo the steam 
) rcssure, and add very consideraldy to the strength of all parts composing the engine. 

Now, Buppoee the pressnre l<n be T7 lb. a Sf^uure inch, and instead of expanding this steam 
five limes it is eipnndal ten limea, which is equivalent to doubling the stroke from Kl in. to 5 ft., 
as represented by the line A 0. In this case the pn-asure gained amounts to S'Q lb., measured by 
the Hpacu BC K H, for the In Iter half of the stroke, or 1'3 lb, average increase thionghoni 

By such a chauge we double the length of the stroke for Uie purpose of gaining 43 lb., namely, 
a gain of 11 per cent, beyond the original lotul of 38'7> nbcn steam of SO lb. a squara inch is cut 
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off at one-fifth of the stroke, but when steam of 160 lb. is employed and cat off at one-twentieth of 
the stroke, the gain is only 8*7 per cent. 

With higher pressures or rates of expansion the differences become greater, until a time is mani- 
festly reached when the increase of strength or size of the engine becomes so great as to put a stop 
to all further adventure, and we arrive at the conclusion that it is not worth while to expand beyond 
certain limits; only from a constructor's point of view; and therefore many engineers prefer to 
employ comparatively low rates of expansion and even wire-drawing the steam, rather than risk 
the danger of exceedingly high rates with its comparatively small advantage. 

The compound system of constructing engines is found extremely useful where a high rate of 
expansion accompanies a low speed of rotation ; but there does not appear to be any reason dodn- 
cible from theory or from practice, by which it can be proved that low speed is essential. 

Laws which relate to the development of heat, and their effects upon various bodies under its 
many influences, affect greatly the opemtionsof the eng^eer ; they have been discovered mainly by 
experiment. Mathematioal expressions are employed to indicate the results arrived at by these 
experiments ; and as solutions of the main problems connected with the expansion of gases and 
those connected with mechanics liave been derived from accurate theoretical and ma&ematical 
investigations, they may be relied on to exhibit results with great accuracy. The principal agent 
in which heat is employed by engineers is the steam engine, and it is therefore important to study 
the action of heat on tne boiler, inasmuch as tlirough it all the processes preliminary to the actual 
use of steum are effected, and a sound knowledge of the proper forms of construction and principles 
of management of this apparatus is, therefore, of as much importance as a knowledge or the laws 
of expansion, and of the mechanical motion by which the heat of steam is utilized. Apart from this, 
phenomena connected with heat are so common and universal, so intimately related to the various 
branches of technology, that it is of all the physical agents one of the most important and varied in 
its influence. 

Heat has been defined as being a mode of motion, a definition which suggests the idea that it is 
derived from molecular movements of the atoms of substances. But such a definition, although valu- 
able, requires qualification, since motion in the abstract does not take into account force or energy. 
The existence of power is, however, not difficult to conceive in connection with motion, if this be that 
of a mass or ponderable body. This vis viva, or living force, is an expression employed to designate 
the capacity for performing work which results from the motion of bodies, and is the effect of the 
velocity and mass combined, the measure of this capacity being the mass multiplied by half the 
square of the velocity. This is one of the most universally accepted principles of mechanics, and 
also one of the most commonly used, since it performs a principal part in nearly all the devices for 
the utilization of the various natural forces. Tiie condition of the body, the particles of which are 
agitated by this peculiar heat-motion, is thus a condition of energy. It is a certain amount of actual 
energy due to its mass and the resultant motion of its molecules. This may be expended just as the 
energy of the flywheel is expended in overcoming resistance and performing work, or it may be in- 
creased by having its velocity of heat-motion increased, just as the energy of the flywheel is increased 
by energy stored up by increased velocity. In the first case, the work of this force is converted into 
the energy of the flywheel ; in the second, the vis viva disappears as the motion is diminished, and 
ia transformed into external work. The living foree which constitutes the energy or power of heat, 
although not accompanied by a visible defined motion of the whole mass of a body in one direction, 
is nevertheless precisely similar, and acts according to the same law. The precise condition of 
the heat-motion of the molecules of substances has not been determined, and tlie ultimate arran;:.e- 
ment of the molecules, in the formation of bodies, is still a subject of conjecture ; stii 1, however, it is a 
generally accepted theory, that the molecules of substances have a vibratory or oscillating motion of 
a peculiar character, which we can cull heat-motion. 

The space traversed by the atoms at every vibration is so minute as to be imperceptible, but it 
must not oe forgotten that the vibrations in an ordinary unit of time are very great. Heat-motion 
is a property of every substance which exists, and without it in nature animal life would cease to be, 
while the elements would exhibit an entire change. Thus heat may be regarded as a property of 
matter, since all things, whether solid, liquid, or gaseous, are, so far as we know, animated by this 
peculiar motion. Variation in heat of a body, according to the dynamic theory, merely indicates a 
change in the velocity at which the molecules vibrate ; and, as they have weight or mass, a change 
of heat involves the development or decrease of the living force. 

It is convenient to consider the manifestations of he.it in three ways ; by treating of this action 
in a body as a source of power in doing work apart from the body in wliich it exists, and in altering 
the relations of the molecules and producing variations of volume in the bod v itself ; and, from 
the opposite point of view, the producing of heat, with attendant variations in density and volume, 
by the application of work on the outside. We may also coubider the variations of form and 
other properties to which bodies are subject when submitted to variations of heat, and again, the 
conveyance of heat from one body to another, this latter phenomenon involving the introduction 
of an element in the material world, the existence of which can only be proved by scientific 
reasoning and analogy. While the molecules of substances ore aggregated closely and have 
constant motion, there is presumed to be a gaseous or ethereal sub^tonce pervading space, the 
particles of which are so small, as compared with ordinary material atoms, that this ether per- 
metites the spaces between the atoms of substances, and is capable of being set in motion by 
their action, whilst conversely, motion, communicated to the ethereal medium at a point external 
to a body, and transmitted as waves, may, through the action of these waves with the molecules 
of a body, impart motion to them ; radial ion of heut is tlien but a wave-motion communicated to 
the ethereal medium by the action of the molecules of bodies. Heated bodies lose heat-motion 
and living foree in sending off waves in this medium, and other bodies in the path of these waves 
will have the motion of their molecules increased in velocity and will become heated, the particles of 
the medium having weight or mass possess energy when in motion, and impart this energy to the mate- 



714 HEAT. 

rial atoms. Thns arise the phenomena of radiant heat and light* which, when observed in reference to 
the wave-motion alone, present those interesting effects which rise from different lengths and velo- 
cities of the waves, interference, pulverisation, refraction, and reflecUoi), giving rise to different 
colours, as well as heating effects from the same motive source. 

Every body, by which is to be understood a definite quantity by weight or volume of a given sub- 
stance, is supposed to be composed of heavy atoms, each of which is in constant motion, though the 
velocity of oscillation of all tne molecules may not be identical. An average velocity is, however, 
the result, and the living force of the whole body, due to the heat-motion of all the molecules, may 

M V* 

be expressed by the well-known law —^ , and if Vj represent any other velocity the actual energy 

MV* /V — V 'v 
corresponding to this velocity will be — ^ , and the difference M f — - j will represent the 

expenditure of energy or the work of inertia due to the change. If there is a loss of heat for a loss 
of velocity, energv will be expended, and if the reverse it will be stored. 

As a flywheel possesses power, derived from its mass and rapid motion, to drive machinery, 
BO all substances possess energy, derived from the rapid oscillation of the individual molecules, 
to perform work when these oscillations are diminished ; the rapid oscillations of the molecules 
of steam or gas constitute the source of power in heat-engines ; these particles, enclosed by a 
cylinder, strike the piston and give it motion ; the- effect on the heat-motion of the molecules 
lieing to diminish the living force of the whole mass of steam enclosed, by a quantity which is equal 
to the work performed by the piston. This force of inertia it is which we utilize under the name 
of heat, and which has Wome a universal aid. By utilizing the process of combustion in a steam 
boiler, heat-motion is rapidly developed in the fuel and gaseous products of combustion, and trans- 
ferred to the particles of water, firom which it is transferred to me steam engine where the heat- 
motion is agam distributed ; the inertia developed by this change being the force which performs 
the work of the machine. When work is thus effected there is an exact balance between tne cause 

5 — - j = P X A, that is, the 

work executed by the inertia of the mass M, when its velocity is changed firom Y to Y,, is e^ual to 
the work estimated by multiplying a force P by a distance A. To find the value of P x A, it is only 

lY 
necessary to give numerical values to M, Y, and Y,. M is equal to — , that is the weight divided 

by the expression for the force of gravity ; Y and Y, are usually determined by experiment, 
and are expressed in feet a second. When this expression represents the work performed by 
the inertia for a given change of heat-motion, it becomes difiScult to g^ve numerical values to tho 
quantities. The mass may be found as before, being the weight of the body divided by the force of 
gravity, but the velocities Y and Y| belong to motions which we cannot perceive. P x A may, 
however, be expre^ted in the same nmnericul terms as before, a pressure or weight multiplied by 
the distance through which it acts ; it is evident that where the whole effect of a change of heat is 
the performance of a certain work P x A, if the external work can be measured, tlie numerical 
value of the first member may be determined. 

Joule's experiments were made with this object. He had an apparatus consisting of a small 
cylindrical vessel filled with water, in which were blades made to revolve by the application of 
power, furnished by a weight to a cord passed over a fixed pulley. The water in the vessel was pre- 
vented from rotating in a vortex with the blades, so that the only effect of the motion of the blades \ 
was to produce friction among the molecules of water ; and the work exerted to drive the blades, | 
namely, a weight falling through a height, was measured. The question then to be settled ia how to 
estimate the change of heat which a given amount of work produces; there must necessarily be some 
unit for such a measurement, and since the velocity of the molecules cannot be observed recourse is had 
to an arbitrary unit of heat. If we were to represent the quantity of heat lost or gained in one unit 
of time by one, we could also show any other quantity of heat, if we multiply this by a number of 

(Y * —* V *\ 
*' — -^j would be represented in terms of this unit, and it would 

only remain to determine by experiment, how many units of work correspond to one unit of heat, or 
the valne of P x A for one unit of heat. We have not, however, always the same source of heating 
or cooling, for heat-motion is developed or destroved by a variety of phy8i<>al agencies, such hs 
chemical composition, decomposition, electricity, radiation, and conduction. Some other arbitrary 
unit must therefore be found, and advantage taken of the property which all substances possess of 
changing form when heated or cooled, Independently of the source of such notion. We know from 
observation and experience that upon heating, most substances expand in volume, and contract in 
cooling ; and we also know that these changes are independent of the source by which they are 
caused. This law is so invariable that the amount of expansion of a body may be taken to indicate 
changes of heat. Upon this idea the common thermometer is constructed, and when it is applied 
to a body it indicates the velocitv of beat-motion of the molecules which is more or less rapid, accord- 
ing to the expansion of the fluid of the thermometer as indicated by the scale. We have then whait 
are known as degrees of heat and degrees of temperature, this latter indicating a condition of the 
body merely, and changing in a manner proportionate to the change of heat, and because the 
thermometer is brought into a condition of heat, in eouilibrium to that of the body to which it is 
applied, by mere proximity, it may be said to indicate tne sensible heat of the Ixxly, or its ability to 
communicate heat. If we take a pound of water, and cause a change of heat, indicated by a change 
of temperature of one degree of the thermometer, tlie mass or weight is known, and we have a 
measurable quantity ; the volume of mercury, or other substance employed, ia the thermometer, which 

MY* 

changes with the changes of heat, and as — ^— changes. We can then oasnme a change of heat 
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oorreBponding to 1 lb. of water raiBed in temperature one degree to be one nnit of heat. It was fonnd by 
Jonle that one nnit of heat is equivalent to 772 foot-pounds of work, water being taken at a tempe- 
rature of 39° *1 F. when it is of maximum density, and this has been frequently oorroborated, so that 
772 foot-pounds is now known as the dynamic equivalent of a unit of heat in English measures. In 
French measures the unit of heat is called a calorie, and is the quantity of heat which corresponds to 
a change of heat indicated by one degree of the Centigrade thermometer in one kilogramme of water, 
equiyalent to 423*55 kilogrammetres raised one metre. In applyiog mathematical investigations 
to the subject of heat, 772 foot-pounds is called the quantity of heat represented by unity. If W 

represents any quantity of work in foot-pounds, ,t=t will represent the equivalent quantity of heat 

772 

represented in heat units, or q expressed in heat units multiplied by 772 will give the number of 

foot-pounds equal to a given quantity of heat : the heat units or specific heats of bodies vary, and, 

as it is convenient to have a standard unit of heat, that of water is taken, and the specific heats of 

other substances are expressed relatively to it. It will be understood in regard to specific heat that 

all known substanoes, except hydrogen, require less heat for a change of temperature of one pound 

of the substance one degree, than that which is required for water ; this is an accidental property, 

but the result is that in a table of specific he^its the numbers which represent them are, with the 

exception of that for hydrogen, less than unity. A quantity of heat represented by 9, that is a 

change of heat equivalent to q expressed in heat units, may be represented by9 = WxcxF, W 

being the weight of the body, c the specific heat, and F the number of degrees of tlie change of 

temperature. 

Table II. — BpEOino Hsats. 



Copper 0-0951 

Gold 00324 

Iron 01138 

Lead 0-0314 

Phitinum 00324 

Silver 00570 

Tin 0-0562 

Zinc 

Brass 

Glass 

Ice 

Sulphur 0-2020 

Charcoal 0-2410 



0955 
0939 
1977 
5040 



Alumina 0-1970 

Stones, bricks, about .. 0-2200 

Water 1-0000 

Lead, melted 0*0402 

Sulphur „ 0-2340 

Bismuth., 0-0363 

Tin „ 0-0637 

Mercury 0-0as2 

Alcohol 0-6150 

Fusel oil 0-5640 

Ben2iue 0-4500 

Ether 0*5034 



At Constant Pressure. 



Air 0-238 

Oxygen 0*218 

Hydrogen 3405 

Steam gas 0'480 

Carbonic acid 0-217 

Nitrogen 0*244 

Olefiantgas 0404 

Carbonic oxide 0*245 

Ammonia 0*508 



At Constant Volume. 
0169 
0156 
2*410 
0*346 



0*173 
0*237 
0*299 



Table II. indicates the mean specific heats of the various substances detailed ; they show 
average values taken at temperatures which are usually observed in technical application ; the actual 
specific heats of all substanoes increase slowly as the body expands, or as the temperature rises, and 
when aocunite results are necessary special tables may be consulted, which give these quantities with 
greater precision at special temperatures. As an example of the use of these tables, we wQl 
Buppose it is required to ascertain what rise of temperature will result from the transfer of 500 units 
of heat by any process whatever, such as radiation or friction, to 200 lb. of iron taken at any 
ordinary temperature ; here 

' "^ = 210.97. 



F = 



W X 



22*76 



The specific heats of gases are given for constant pressure and constant volnme. It is well 
known that a gaseoas substance, to be treated as a quantity or body having volume, must be 
confined by some envelope, or within an enclosure through the sides of which the gas cannot 
escape. Such an enclosure may have an invariable volume, that is, its sides may not yield to any 
pressure from the interior, or it may have a variable volume, as when air is enclosed in an elastic 
envelope, or within a cylinder having one end movable. The effect of transferring an additional 
quantity of heat to a given weight of gas is to cause it to expand in volume if the envelope will 
admit of expansion. 

If the envelope expands sufficiently to adjust the new volume to the external pressure, this 
external pressure being constant, the specific heats to be employed in determining quantities of heat 
are those given under the head constant pressure. 

If the volume remain invariable, the specific heats to be used are those under the head 
constant volume. 

A definite quantity of any g^ven substance requires three conditions for its existence in a 
separate and distinct form ; they are volume, pressure, and temperature ; that is, the actual space 
ocoupied by the substance without regard to ttie form of that space ; the resistance of the external 
envelope of the body to its expansion ; and the condition of heat-motion of its molecules. Heat 
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transferred to a solid not only causes an increase of molecular vibration, which is shown bj au 
increase of temperature, but an expansion which oonbists in the separation of the particles l^m 
each other, and its expansion involves the overcoming of the extermd pressure of the enveloping 
medium, the same effects being exhibited in fluids by a transfer of heat. With perfect gitscs, how- 
ever, the molecules bein«: alr^idy entirely separated, the effect of the transfer of heat is only to 
increase the vibration of the molecules, to increase the sensible heat, and to overcome the external 
prossure, as before stated ; the entire reverse is the case when heat is abstracted. 

Let A represent the molecular movement, B the amount of expansion, and C the change of 
volume, we have for q the total effect of the heat transferred. 

A + B-f 
^ 772 

In solids and liquids, the expansion being small in comparison with the original volume, G will 

bo very small, and may ordinarily bo left out of consideration ; in perfect gases, the forces of 

A 4" c 
attraction of the molecules having been entirely overcome, B will disappear, q = • 

This is the most important expression of 9, because the employment of heat as a source of power 
is usually through the agency gf gases, and the expression shows that the effect of a change of 
heat merely varies the molecular vibration of the gas, involving living force and the overcoming of 
external pressures ; this has been shown by Thomson in the case of bodies which are known, by 
observation, to contract when heated at certain temperatures, or to expand when cooled, as water 
and some alloys ; C will be reversed at these points, and the expression will furnish an explanation 
of the peculiar phenomenon, that under these circumstances the increase of external pressure will 
lower the temperature of fusion or congelation. These general luws are, however, subjected to a 
few remarkable exceptions ; the enunciation of the law that bodies, when heated and then cooled to 
the original temperature, regain their original volume, requires a further condition in the case of 
most solids, the cooling must take place slowly and gradually, otherwise the original volume may 
not be regained, and peculiar effects, such as brittleuess and hardness, ore often produced, whicn 
are difficult of explanation ; the process of annealing, or slow cooling, is therefore essential when 
certain conditions in these respects are desired. 

The rate of expansion of a body, is the increase of volume which takes place for equal increments 
of temperature, the volumes being referred, in each case, to the volume of the same body at a 
standard temperature. When the body exists in the form of a rod or bar, the length of which is to 
be determined under different degrees of heat, the increase of length is called the linear expansion. 
This is not a measure of the total increase of volume, but it is practically convenient to know the 
linear expansion as well as the cubical expansion. 

A table of linear expansion gives the numbers by which it is necessary to multiply the lengths 
of rods or bars at 32° F. in order to find the lengths of the same rods or bars at 212^ F. That is, 
the number show the increase of length of rods of the same substance for 180° F. from 32° F. 
The proportional expansion for 1° F. may be found by dividing each number by 180. 

llie cubical expansion, or coefficient ef expan.4on of volume, for any substimce may be obtained 
by multiplying the linear expansion by 3 as in Table VI. The coefficients of linear and eubical 
expaudion thus found are average values for degrees of heat between 32° and 212°, but these 
coefficients become elightly greater at higher temperatures; the general rule beiug that the 
coefficient of expansion increases the more rapidly, as the temperature approaches that which 
corresponds to the melting or fusing point. 

The continuous transfer of heat to a solid, causing a continuous rise of temperature and 
expansion of volume, produces ultimately a change of agj^regation or change of state to the liquid 
form, called the fusion, melting, or liquefaction of the substance. 

The law is general for substances wnich do not change their com]^06ition in changing their state. 
For subbtances which do not change their composition, the following phenomena oocur; each 
substance begins to melt at a certain temperature, which is constant for the same substance if the 
pressiu'e be constant. The temperature of the solid remains at this constant point from the timo 
when fusion commences till it is complete. If a substance expands in congelation, its melting point 
is lowered by pressure ; but if a substance contracts in congealing, its melting point, or point of 
congelation, is raised by pressure. 

Table III. of melting points in F. degrees is taken from Bankine's * Rules and Tables ' ; — 

Table III.— Melting Pointb. 



Mercury 38° F. 

Ice 32° „ 

Kosc's fusible metal, 1 part lead, 

] tin, 2 parts bismuth .. .. 210° „ 

Sulphur 228° „ 

Tin 420° „ 

Bismuth 493° „ 

Lead 630° „ 

Zinc 700° ,. 



Silver 1280° F. 

Brass 1809° „ 

Copper 2548°,, 

Gold 2590° „ 

Cast iron 3479°,, 

Wrought iron . . higher, but uncertain. 

Phosphorus 111° F. 

Wax 147° „ 



The temperature at which melting occurs is, for most substances, fixed; this temperature indi- 
cating the limiting condition above which the substance exists as a liquid, and below which it 
must exist as a solid. The laws which have been enunciated are subject to certain qnali fictitious, 
such as slow process of cooling, and variations of external pri ssure, which may lower the tenipenv* 
ture of solidification, but under the same conditions they are invariable. The continuous application 
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of heat to a solid at its melting point does not raise its tempeiatnre, as long as any portion remains 
solid ; and, eommonly, tlie abstraction of lieat from a liquid at its point of solidification does not 
lower its temperatare, as long as any portion remains liqnid. The change of state is also usually 
aocompanied oy a sudden change of volume. 

Some substances, however, pass from the solid to the liquid state without showing a definite 
melting point, br>coming plastic between tliese states. Glass and iron are examples, and instead of 
a definite melting point, a certain interval of temperature is required for tlie change. 

When bodies pass from the solid to the liquid state, the increased rate of expan3ion is generally 
followed by a further expansion, so that the substance, after fusion, occupies a greater bvdk at the 
same temperature than before fusion. 

Phosphorus expands at the moment of fusion about 3*4 per cent., sulphur 5 per cent., wax very 
slightly, stearine about 5 per cent. Rose's fusible metal exhibits remarkable properties in this 
respect. When heated from 32° F. to about 108^ it expands in the ratio of 1 to 1-0027 ; as the 
temperature is further increased, it contracts, its volume at 190° F. being the same as at 32°. In 
melting it expands again, so that at 208° its volume is I'Ol of its volume at 32°. This alloy, 
therefore, contracts from 108° to its melting point. Water, as is well known, expands at the moment 
of freezing, or contracts in melting about 10 per cent. ; one volume of water at 32° F. gives 1 * 102 
volumes of ice, and one volume of ice *908 volume of water at the same temperature. Bismuth, 
cast iron, and antimony expand like water in passing from the liquid to tfie solid state. 

The increase of the specific heat of a solid, as it approaches its melting point, appears to be oon- 
nected with the increase of the coefficient of expansion, which also increases simultaneously. At 
the melting point the whole of the heat applied to a body is, apparentljr, required to overcome those 
molecular attractions, which keep the molecules in the state of proximity belonging to the solid 
condition. The work of the heat applied is thus absorbed or expended without producing increased 
molecular vibrations. 

Heat which would have become sensible heat in the pure solid or liquid, disappears or is trans- 
formed into the work of overcoming these molecular attractions, and is said to become latent. The 
latent heats of fusion of a few substances estimated in units of heat, have been determined experi- 
mentally by various observers, and some of these are exhibited in Table IV. 

Table IV. — Latent Heats or Fusion or DirrERXNT Substanobs. 

Mercury 5*086 British units of heat. 

Phosphorus 9-018 

Lead 9-740 

Sulphur 16-954 

Bismuth 22-726 

Tin 25-702 

SUver 38-057 

Zinc 50-682 

Ice 140-000 

The coefficient of expansion of liquids with increase of temperature is greater than that of solids, 
and, as in the case of solids, the coefficient increases with the temperature. 

The coedicient of expansion of mercury, that is, the increase of volume for 1° 0. in terms of the 
volume at 0°, or the melting point of ice, increases from 0-000179 at 0° G. to -000197 at 350° G. 

The following Table V. gives the increase in volume of water from the experiments of Kopp. 

Table V.— Expansion of Wateb fboh 0° Gentiorade to 100°. 
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4° 1-000000 

10° 1-000247 

15° 1000818 

20° 1-001690 

30° 1-004187 

40° 1-007654 



50° 1-011890 

60° 1-016715' 

70° 1-022371 

80° 1-028707 

90° 1035524 

100° • .. 1-043114 



When cooled below 39° '1 F., water expands by a corresponding and nearly identical law for 
a limited number of degrees. 

In regard to very volatile liquids, like carbonic acid, which retains its liquid state at ordinary 
temperatures only under very great pressure, the coefficient of expansion is supposed to be large 
relatively. Each liquid has a coefficient of expansion different from that of other liquids. To 
this fact may be added the general law, that the coefficient of expansion of the same liquid, 
varies with the temperature according to a special law for each fluid. 

It may be observed, from the tables of coefficients of expansion for solids and liquids, that the 
total change of volume from the lowest to the highest temperature, consistent with the solid or liquid 
condition of any substance, is very small compared with the actual volume of the body which 
undergoes such a change, and hence the influence of the external pressure upon the bounding 
surfaces is very slight during the change. The work performed by heat in expanding liquids and 
solids, may be regarded as entirely expended in producing change of temperature and change of 
aggregation, tlie external work in all ordinary cases, especially when the solid or liquid is exposed 
only to atmospheric pressure, being so small that it may be disregarded. 

In the case of bodies in the gaseous condition, however, this is different Gaseous bodies cannot 
exist in a fixed or determinate volume, ordinarily, unless they are enclosed within bounding suriaoes 
or envelopes. 

For a definite volume of a gas thus confined, there arc thus but two conditions involved in its 
existcmoe, the temperature, and the pressure which it exerts against the bounding surfaces of the 



718 



Hl^T. 



enyelope. If snoh an enyelope be perfectly elastio and heat be transferred to the gas, the erteml 
pressare, snoh as the pressure of the atmosphere, remaining oonstant, the effect will be an expaiukw 
of volume. This expansion will be much greater than the expansion of liquids and solids fur tbe 
same increase of heat. 

The coefficient of expansion or increase of volume under snoh circumstances, for an increac of 
temperature of 1^ F., has been determined, through the well-known experiments of Begnaolt aad 

others, to be 0-002035 or j^r-^ of the volume of the gas at Z2P F., and for 1^ O., 0*00965 or 

^ of the volume of the gas at 0° 0. 

If we now compare the cubical dilation of solids, liquids, and gases in a general way, «b in 
Table YI., we may take for such comparison the increase of volume from 0^ to 100° C^ or ^ aud 
212° F. 

Tablx VL— Expansiok fob 100° 0. 



Oases 0-365 

Liquids, 

Pure water 0*04775 

Bea-water .. .. « 0*05 

Spirits of wine 01112 

Mercury 0-0182 

Oil, linseed and olive 0*08 

Solida, 

Brass 00065 

Bronze 00054 

Copper 0*0055 

Cast iron 00033 



Wrought iron and steel . . . . * 0036 

Lead 00057 

Tin 0-0066 

Zinc 0-0058 

Brick, common 0*0106 

Firebrick 0-0015 

Cement .. 0-0042 

Olass 0027 

Slate 0-<K)31 

Average Values, 

Solids 0005 

Liquids 0-060 



The expansion of gases, 0*365, is strictly true only for the perfect gases, namely, gases which 
have not been liquefied. 

In the above comparison of the changes of volume of solids, liquids, and gases under eqoal 
changes of heat, the coefficients for solids and liquids are only mean values between 0° and 100° C. 

And, moreover, as before remarked, each solid or liquid substance has its own coefficient, which 
increases slightly as the temperature rises. In regard to gases, however, a more simple law holds 
true. The coefficient -00365 for each degree C, or -0020276 for F., is the same for all perfect gases 
and for all pressures upon the external envelope, provided only that the pressure be constant during 
the change of volume, or during the transfer of heat. Thus one volume of a perfect gas at 0° CL, or 
82° F., will become 1 + 0*00365 or 1^ volume at 1° C, or 1 + 0-002035 or 1 ««*,•« ^lome at 
32° + 1° F. A slight difference in the coefficients was found by Regnault for the different gases, 
and also a slight difference at different external pressures, but for purposes of ordinary calculation 
the coefficient of all perfect gases may be regarded as the same. 

We may conceive, however, that when heat is transferred to a gas enclosed within an enTeiope, 
for instance within a cylinder which is closed at one end by a movable piston, the volume and Uie 
external pressure may change simultaneously, and thus the three quantities which determine the 
condition of tbe gas, namely, the volume Y, the pressure P, and the temperature <, may all be 
variable quantities. 

The relation between these ouantities, under such conditions, has been found, and is represented 
by what is well known as the law of Mariotte and Oay-Lussao. The following equation is the 
mathematical enunciation of this law ; — 

PV = B(a+0, 

in which P is the external pressure upon unit of surface, Y tbe volume of unit of weight, B a 
constant which depends on tne specific gravity or density of the gas, the weight of this unit of 
volume ; t the temperature, and a the number 273, Centigrade degrees being employed, and 459*4 
if Fahrenheit degrees be employed. 

The quantity P, defined as the external pressure upon a unit of surface, is evidently also the 
outward pressure of the gas. In the illustration, in which the gas is supposed to be confined in a 
cylinder with a movable piston, it is apparent that when there is a state of eouilibrium, the external 
and internal pressures must be equal. Hence the pressure P is also called with propriety the 
elastic force of the gas, which is always exerted in an outward direction. 

Mariotte's and Oay-Lussac's laws combined are expressed by the following formulas ;— 



PY 



459*4 + < 459-4 +<o 



, for Fahrenheit degrees. 



In this expression P represents the pressure in pounds upon one square foot, and Y the volume in 
cubic feet occupied by one pound of the gas at any temperature t ; P,, Y,, and t^ represent lespeo- 
tively the pressure, volume, and temperature of the gas at 0° Centigrade, or 82° Fahrenheit 

The specific heat of a substance has already been referred to, as the quantity of heat, in units of 
heat, necessary to cause a change of 1° in the temperature of one unit of'weight of the substance, at 
some standard temperature and pressure. 

A standard temperature and pressure are necessary, because the specific heats of all substances* 
except perfect gases, vary slightly with the external pressure, and with the temperature. Tbe unit 
of heat in English measures, to which other special units or specific heats are referred, has been 
defined to be the quantity of heat neoeasary to cause a change of 1° in 1 lb. of pure water at the 
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temperatttre of 39°'l F., and the specifio heata of the tablee are expressed in fractioDS of the 
unit of heat 

The expression 

Q=yH(A + B+0), 

which illastrates the effects of a change of heat q in any snbstance, solid, liquid, or gaseous, shows 
that a quantity of beat added to a given qaantity of any substance causes these effects, as has been 
already stated, namely, increase of molecular vibration, or increase of sensible heat represented by 
A ; change of position of the particles, overcoming forces of attraction, B ; and overcoming external 
pressure 0, arising ^m expansion or increase of volama 

From this it appears that the change of sensible heat represented by A does not include all of 
the heat involved in the change, and the thermometer will give only an apparent specific heat, the 
real specific heat being the whole heat, part of which has bisen expended in producing the effects 
B and C, representing internal and external work, and which has disappeared as heat. 

If the substance can be confined to a constiint volume, it is evident that these terms will vanish, 
and the apparent will be also the real specifio heat. 

In solids and liquids the amount of expansion is so small that the difference between the real 
and apparent specific heats id small. NeTertheless, it exhibits itself in experiments for determining 
specifio heats, by showing an increase of specific heat as the expansion increases. Tables YII. and 
YIII. illustrate this fact 

If the moan specifio heats are taken between 32° and 212°, they will be as shown in the first 
column ; and if between 32° and 540° F., the results are given in the second column. 

Tablb YII. — Spkoxfio Heats. 



Iron 

Mercury 
Zinc 

Antimony 
Silver .. 
(Copper .. 
Platinum 
Qlass .. 



MMn between 32° 


If CAD between 32° 


and 212°. 


andS40°. 


0109 


1218 


00330 


0350 


0-0927 


01015 


0'0507 


0-0549 


0557 


0-0611 


0949 


1013 


0355 


0-0355 


1770 


1990 



For water, the increase of specific heat is 

G = spec heat = 1-0000 at 0° Centigrade. 
= 1-0042 „ 50° „ 
= 1-0132 ,,100° „ 
= 1-0262 „ 150° „ 
= 1-0440 ,,200° „ 
= 1-0568 ,,230° 

For gases it has been explained that the term B disappears, and the expression above reduced to 

Q = ^,(A + C). 

If now the gas be kept at constant volume, no expansion will occur, and the term G will also 
disappear, and the whole effect of a transfer of heat to the body will be to cause an increase, A. 
But if, in addition to the same change in A, the gas expands and performs work represented by G, 
the specific heat will be greater. This is called the apparent specific heat of the gas, and the 
specific heat under constant volume the real specific heat 

The results of experiments by Regnault to determine the specific heats of gases at constant 
pressure, are given in Table YIII. for the substances named ; — 

Table YIII.— Specific Heats at Constant Pbessuss. 

Air .. .. 0-2377 

Oxygen 0-2182 

Nitrogen 2440 

Hydrogen 3-4046 

Garbonicacid * 0-2164 

Carbonic oxide 02479 

Marsh gas 05929 

Ammonia 0-5080 

Sulphuric acid 0-1553 

For specific heats of gases at constant volame direct experiments are difficult, and they have 
been determined only by indirect methods. Let C be the specific heat of a gas at constant pressure, 

and C' the specific heat at constant volume : the value of the ratio ^ may be determined by 

various methods. The results of these methods indicate that for air the ratio is ^, =1-410 = k^ 
the exponent employed in the formulas given for the expansion of gas in a previous paragraph. 
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In regard to the specific heats of bodiea, it ia maintftined by GlauBiixfl, that the trne or real specific 
heat of a body would be oonstaut, if the Yoliime were kept constant for all states, solid, liqnia, and 
gaseous. 

Rankine maintains, on the other hand, that the real specific heats remain constant, if there is no 
change of volume, only so long as the substance retains the eame state, solid, liquid, or gaseous; 
and that a chan^ of Bpecific heat occurs with a change of state, even though there is no change of 
volume. It is difficult to decide such a question experimentally, but the views of Clausiua appear 
to be most in accordance with the dynamic theory of heat. 

The combustion of bodies in air being to a certain extent a self-sustaining process, it is only 
necessary to supply the elements of combustion, fuel and air, in proper proportions, and to ij^ite 
the combustible at one point, in order to produce heat at will, and in any desirable quantities. 
And the elements necessary being almost universally distributed, or at least readily procurable, there 
are scarcely any circumstances in which the evolution of heat for useful purposes is not practicable. 

For the purposes of heat-power it is not advisable, however, except in some small heat-engines, 
to employ the heated products of combustion directly in the cylinders of engines ; and hence the 
necessity of transfemng the heat of combustion to water^ or some other liquid, as the medium 
through which the heat is utilized. Watery vapour is that which is universatly used, not only on 
account of the favouruble properties of this vapour, but also from the universal distribution and 
oheupness of the liquid, the expense of procuring it being comparatively small. 

The apparatus for producing steam under the circumstances required for use must combine, 
therefore, the conditions necessary for the supply of water, the transfer of the heat of combustion 
to the water, and the retention of the steam produced. 

The full discussion of these conditions, in the case of the steam boiler, involves the construction 
and arrangement of the parts of the boiler, and cannot be disconnected from them ; but there are 
certain general principles of physics which form the basis of such construction and arrangements, 
which may be first enumerated in a general way, such as the laws of transfer of heiit, the temperature 
of the products of combustion, and the laws of conduction. The transfer of heat from a heated body 
to one that is at a lower temperature consists, according to the dynamic theory of heat, in the 
loss of living force, due to heat-motion, in the hotter body, and an equivalent gain of living force 
in the colder body. When the two bodies are quite distinct, or separated, and do not form part 
of one and the same body, this transfer takes plaoe generally, as has been stated, through the 
intervening ethereal medium by the process of radiation. Through this medium there is a ten- 
dency to equilibrium of temperature, or of living force, the relative exchange of temperatures 
being inversely proportional to the masses of the bodies. 

It is probaole that the transfer of heat between two bodies is always thus accomplished by radia- 
tion, although, techuically, a distinction is made between the transfer at appreciable distances, or 
radiation, and the tmn^tfer by actual contact of the two bodies. 

Heat may be transferred practicallv also by the actual change of position of the body in which it 
exists. In this mode of tmnsfer, which is called convection, or carrymg, the transfer is a mechanical 
one, and is not in any way connected with the change of heat in the faod^ carried. Although tiiis mode 
of transferring heat is of great importance in the arts, and especially m connection with the genera- 
tion of steam, involving as it does the question of the circulation of heated fluids, yet after the con- 
vection of heat by the transfer of the body in which it exists, whether that body be solid, liquid, or 
gasoous, there still must take plaoe the transfer from the heated body to another, by the process of 
radiation or contact, before the heat can be utilized as heat Thus a heated gas or liquid may be 
carried through pipes, or may be mingled mechanically witli other gases or liquids for the purpose 
of conveying neat ; but the final process by which that heat is actually tmnsferred from the heated 
gas or liquid to another body, as heat, must depend on the dynamic laws of heat 

In adopting, therefore, the usual designations, radiation, contact, and convection, of the modes 
by which heat is transferred, it is to be understood that the latter is a mechanical mode, and need 
be discussed only in connection with the Carrying of bodies, to the places or points at which it is 
desirable or necessary for them to impart their heat to other bodies. A heated particle of a substance 
communicates vibrations to the ethereal medium, whether the particle be surrounded by air or 
whether it be in a vacuum. In ordinary language, the porfiole sends rays of heat in every direction ; 
tlieee rays or waves proceed indefinitely, without change in strength or character, and with the same 
Telocity as light, until they are intercepted by some body in the paths of the raya If such a par- 
ticle be a molecule on the surface of a bod^, it is evident that it will send off rays of heat in every 
direction not intercepted by the body itself 

It is a common error to suppose that the intensity of a ray of heat diminishes, as the <listance 
between the body emitting and the body receiving the heat increases— that is, inversely as the 
gquaro of the distance. The same popular error exists to a certain extent in regard to the force of 
mvitation ; whereas the greatest conceivable distanci'S have apparently no effect in reteurding or 
diminishing the effects of the influences caUed heat and gravitiition. The law of the inverse squares 
of the distances is rather a geometrical than a physical law, and refers to the action of one body ou 
another, whether the question be one of lieat or gravitation. 

A body or collection of molecules possessing a certain amount of living force, due to heat. 
imparts this energy to the ethereal medium in all directions, and the quantity of energy intercepted 
by another body will depend on the distance between the two bodies; the quantity thus inter- 
oepted by the same body at different distances being inversely prupjrtional to the squares of the 

This purely geometrical law may be illustrated by supposing a heated body to be giving off 
ndiant heat in every direction. Another body, a plate for instance, placed at regular distances 
^^m the heated body, will intercept less of this heat as it is removed from the heated body, the 
number of rays, or quantity of heat, intercepted at two different distanced being, from the gen- 
meirioftl conditions of the problem, inversely proportional to the sqmires of those distances. 

8 A 
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For steam in the perfectly gaseous state, according to Bankine the ratio is ^, = 1*304, and 

4 

according to others, 5- = 1 *333. 

o 

The specific heat of air under constant volume, found in this manner, is 0* 169. 

The difference between 0*2377, the specific heat at constant pressure, and 0*169 = 0*069, is 
really the latent heat of expansion of air for 1^ at 32° F. 

By comparing the work due to the expansion of air, in foot-pounds, with this quantity 0*069, a 
theoretical verification of the mechanical equivalent of heat may be found. 

Let one pound of air be subjected to a change of heat corresponding to 1° F., first under con- 

A + O 
stant pressure, and then nnder constant volume. According to the expression q = — = — , wliioh 

represents, generally, the dynamic equivalent of heat, we shall have, in the first case, 

9X E = A + C; 

and in the second, since G disappears, being the work due to expansion, we have 

9 X E = A, 

and 

(7 - 9') E = A - A + = C. 

q ^ q' IB the difference, in units of heat, between the quantities of heat necessary to raise 1 lb. of air 
1°, under the conditions of constant pressure and constant volume, and will be represented, aocdrd- 
ing to the corresponding values of the specific heats, by 

0*069 X 1° units of heat, 
and we shall have 

0*069 X 1^ X E = G = work of expansion. 

But we have from Maiiotte and Gay-Lussac's law 

PV = 53*35 T. 

and 

PV' = 53 35T', 

and 

p (V - V) = 53*35 (T -T) = 53*35 x 1° 

But P, the external pressure, x by the change of volume, is the work of expansion = G. 

Hence 

G = 53*35 X 1°; 
0-069 X 1° X E = 53*35 x 1° ; 
0*069 xE = 53*35: 

and 

63;35 

•069 

This is a theoretical dvnamio equivalent of heat depending on the law of Mariotto and Gay-Lussac, 
and the values of specific heats found by experiment. 

Actual direct determinations of this equivalent have been made by different investigators, with 
the results given at p. 709. 

The number 772*69, determined by Joule, is regarded as the most satisfactory, and 772 has bean 
adopted as the equivalent in English measures, and is often called Joule's equivalent. Gompared 
with the above theoretical determination, we have 

Theoretical B = 773*2 

Experimental, by Joule E = 772*69 

Difference 0*51 ft.-lb. 

It has been found impossible to determine, theoretically, the relation which the temperatures 
bear to the pressures, and, upon this point, reliance is placed mainly on the celebrated experiments 
of Bcgnault. On account of the universal employment of steam in practical applications, the 
importance of the results can hardly be sufficiently estimated. Bcgnault*s Tabled, in fact, con- 
stitute the basis of all theoreticid applications of heat through the medium of steam ; giving, as 
they do, in exact figures, the elastic force of saturated steam for all usual temperatures. 

These Tables show that no simple relation exists between the maximum tension and the tem- 
perature. Different empirical formulas have been proposed, however, to express this relation with 
certain degrees of approximation. 

The specific heats of the vapours of water, alcohol, and ether, as determined by Begnault, are 
given in the following tabular form, together with the densities at 32°, and at one atmoepberio 
pressure *, — 

Demltjr, sir being imlty. SpedfSc Heats. 

Vaponr of water 0*622 0*4750 

„ alcohol 1-589 0*4513 

„ ether 2*556 0*4810 



HEAT. 721 

In regard to the specific heata of bodies, it is maintained by Glansius, that the tme or real specific 
heat of a body would be constant, if the volume were kept constant for all states, solid, liquio, and 
gaseous. 

Bankine maintains, on the other hand, that the real specific heats remain constant, if there is no 
change of volume, only so long as the substance retains the same state, solid, liquid, or gaseous; 
and that a chango of specific heat occurs with a change of state, even though there is no change of 
volume. It is difficult to decide such a question experimentally, but the views of Clausius appear 
to be most in accordance with the dynamic theory of heat. 

The combustion of bodies in air being to a certain extent a self-sustaining process, it is only 
necessary to supply l^e elements of combustion, fuel and air, in proper proportions, and to i^ite 
the combustible at one point, in order to produce heat at will, and in any desirable quantities. 
And the elements necessary being almost universally distributed, or at least readily procurable, there 
are scarcely any circumstances in which the evolution of heat for useful purposes is not practicable. 

For the purposes of heat-power it is not advisable, however, except in some small heat-engines, 
to employ the heated products of combustion directly in the cylinders of engines ; and hence the 
necessity of transferring the heat of combustion to water^ or some other liquid, as the medium 
through which the heat is utilized. Watery vapour is that which is universally nsed, not only on 
account of the favourable properties of this vapour, but also from the univerad distribution and 
cheapness of the liquid, the expense of procuring it being comparatively small. 

The apparatus for producing steam under the circumstances required for use must combine, 
therefore, the conditions necessary for the supply of water, the transfer of the heat of combustion 
to the water, and the retention of the steam produced. 

The full discussion of these conditions, in the case of the steam boiler, involves the construction 
and arrangement of the parts of the boiler, and cannot be disconnected from them ; but there are 
certain general principles of physics which form the basis of such construction and arrangements, 
which may be first enumerated in a general way, such as the laws of transfer of heiit, the temperature 
of the products of combustion, and the laws of conduction. The transfer of heat from a heated body 
to one that is at a lower temperature consists, according to the dynamic theory of heat, in the 
loss of living force, due to hei^motion, in the hotter body, and an equivalent gain of living force 
in the colder body. When ^e two bodies are quite distinct, or separated, and do not form part 
of one and the same body, this transfer takes place generally, as has been stated, through the 
intervening ethereal medium by the process of radiation. Through this medium there is a ten- 
dency to equilibrium of temperature, or of living force, the relative exchange of temperatures 
being inversely proportional to the masses of the bodies. 

It is probable that the transfer of heat between two bodies is always thus accomplished by radia- 
tion, although, technically, a distinction Is made between the transfer at appreciable distances, or 
radiation, and the tran^sfer by actual contact of the two bodies. 

Heat may be transferred practicallv also by the actual change of position of the body in which it 
exists. In this mode of transfer, which is called convection, or carrying, the transfer is a mechanical 
one, and is not in any way connected with the change of heat in the body carried. Although this mode 
of transferring heat is of great importance in the arts, and especially in connection with the genera- 
tion of steam, involving as it does the question of the circulation of heated fluids, yet after the con- 
vection of heat by the transfer of the body in which it exists, whether that body be solid, liquid, or 
gaseous, there still must take place the transfer from tiie heated body to another, by the process of 
radiation or contact, before the heat can be utilized as heat Thus a heated gas or liquid may be 
carried through pipes, or may be mingled mechanically with other gases or liquids for the purpose 
of conveying heat ; but the final process by which that heat is actually transferred from the heated 
gas or liquid to another body, as heat, must depend on the dynamic laws of heat 

In adopting, therefore, the usual designations, radiation, contact, and convection, of the modes 
by which heat is transferred, it is to be understood that the latter is a mechanical mode, and need 
be discussed only in connection with the Carrying of bodies, to the places or points at which it is 
desirable or necessary for them to impart their beat to other bodies. A heated particle of a substance 
communicates vibrations to the ethereal medium, whether the particle be surrounded by air or 
whether it be in a vacuum. In ordinary language, the particle sends rays of heat in every direction ; 
these rays or waves proceed indefinitely, without change in strength or character, and with the same 
velocity as light, until they are intercepted by some body in the paths of the rays. If such a par- 
ticle be a molecule on the surface of a body, it is evident that it will send off rays of heat in every 
direction not intercepted by the body itself. 

It is a common error to suppose that the intensity of a ray of heat diminishes, as the distance 
between the body emitting and the Ixxly receiving the heat increases— that is, inversely as the 
square of the distance. The same popular error exists to a certain extent in regard to the force of 
gravitation ; whereas the greatest conceivable distances have apparently no effect in retarding or 
diminishing the effects of the influences called heat and gravitation. The law of the inverse squares 
of the distances is rather a geometrical than a physical law, and refers to the action of one body on 
another, whether the question be one of heat or gravitation. 

A body or collection of molecules possessing a certain amount of living force, due to heat, 
imparts this energy to the ethereal medium in all directions, and the quantity of energy intercepted 
by another body will depend on the distance between the two bodies ; the quantity thus inter- 
cepted by the same body at different distances being inversely proportional to the squares of the 

distances. 

This purely geometrical law may be illustrated by supposing a heated body to be giving off 
radiant heat in every direction. Another body, a plate for instance, placed at regular distances 
from the heated body, will intercept less of this heat as it is removed from the heated body, the 
number of rays, or quantity of heat, intercepted at two different distanced being, from the geo- 
metrical oonditiona of the problem, inversely proportional to the squares of those dk»tunces. 

3 A 
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The ftbmiraity of sapposing that, because the mathematioal lesiat of rednoing the dntanee to 
zero IB a symbol of infinity, therefore the physical Inflnenoe at that distance is infloite, need not be 
discussed, although such an assumption is often made in attempts to discuas the intennty of 
moleoular forces. When, therefore, it is said that the intensity of radiant heat Taries inTeiaely as 
the square of the distance, all that is meant is, that the same body, placed at different dtstanoea 
from the same source of heat, will receive, in a siven time, by radiation, different qnaatities of heat 
in the inverse proportion of tlie square of the distances. In going away from a glowing fife, for 
instance, we receive less and less heat, because, as the distance is increased, we pass out of the paths 
of large numbers of divergent rays which would otherwise reach us. 

The inclination of the surface which intercepts radiant heat determines, for similar reasons, the 
quantity of radiant heat received. Even if the ravs be supposed parallel, as in the case of the 
radiant heat of t)ie sun, it is apparent that all the heat conveyed by a beam of rays may be rem- 
sented by the section of the beam perpendicular to its direction. If the beam falls upon a suiUMse 
inclined to its direotion, the amount of surface over which the beam will be distributed will be 
greater as tlie inclination of the surface is greater. If the surfiaoe be pUine when it becomes parallel 
to the axis of the beam, it will receive no heat. 

Hence in estimating the intensity of radiant heat by units of surface, the inclination of the 
leoeiving and absorbing surfaces must be considered. 

The regions of the earth's surface near the poles, from their approach to parallelism with the 
direotion of the sun's beams, receive less heat on each square mile than at the tropics. If a heated 
body bo placed within an enclosed space, it is evident that although some parts of the eodosore 
may receive more heat a square foot than others, yet all the heat emitted will be absorbed. All 
the heat emitted by radiation from the incandescent fuel, on the grate of the fumaoe of a steam 
boiler, is thus absorbed by the side walls and crown of the furnace, though in different propoitioos 
a square foot 

Attempts have been made to determine the quantity of heat, in units of heat, emitted by any 
given surface at a given temperature, supposing the temperature of the absorbing surfaces to 
leniain at constant temperature. Dulong and Petit made numerous experiments on this subject, 
which resulted in the determination of certain genernl lawa The experiments were made to 
determine the rate of oooUng of bodies in an endoeed space, the space being filled with different 
gases, and the enclosure being maintained at constant temperature. 

The results were enunciated as follows ; — 

** The coaling of a body results from radiation and from contact of the fluid or gas which 
surrounds it.*' 

** The rate of cooling, from radiation alone, is the same for all bodiefs at the same temperature, 
but its absolute value depends on the nature of the surfaces." 

It is represented by tne following formula ; — 

5 = C . a«(a<i — 1) or ^ = Cj (a«i — 1) ; 

in which o represents the number of FVench units of heat, emitted by one unit of surface in a unit 
of time, G a constant depending on the nature of the surface of the radiant body, a the number 
1*0077, t the temperature of the enclosure or absorbent, and <, the excess of temperature of the 
radiating body over the absorbing bodv in degrees Gentimde. The rate of cooling by contact of a 
fluid surrounding the heated body is also the same for all heated bodies, but its ab^lute value does 
not depend on the nature of the surface, but only on the form of the heated body. 

For air under ordinary atmospheric pressure, the law of cooling by contact is expressed by the 
formula 

in which q represents the quantity of heat in calories, abstracted from one unit of surface by the air, 
in a unit of time, C a constant de|)ending on the form of the surface, and t the excess of tempera- 
ture of the body over that of the air surrounding it 

These general laws were confirmed-by Pecl^t, who made many experiments to determine the 
constant coefficients of the formulas. Similar experiments have more recently been made also by 
Hopkins, whose results are as follows, fur radiation alone ; — 

Glass, q = 9*566 ii« (a<i - 1) ; dry chalk, q = 8'613 a« (a'l — 1); dry new red sandstone, q = 
8'377a< (ah — 1) ; polished limestone, ^ = 9*106 <i' (a«i). In whidi q represents the quantity of 
heut emitttd in one minute from one square foot of surface, in terms of a unit which is the 
quantity of heat required to raise the temperature of 1000 grammes of water 1^ G. 

Hopkins also determined by experiment the constants in the formula for the cooling power of 
gases by contact ; it may be doubted, however, whether the experiments were made in such a 
manner' as to lead to results of practical value. The constant^ determined by PeclM and by 
Hopkins can only refer to the special conditions under which the experiments were made, which 
are not those admitting of general application. Moreover, the separating of the tnfiuencee of 
radiation and contact in the experiments, does not seem to have been sufficiently complete. 

The only results of value seem to bid the general laws, as enunciated, without referraoe lo 
quantities of heat 

The relative radiating powers of different surfaces at 180° F., as determined by Leslie, are 
represented approximately in Table IX. 

It is stated by Magnus that the greater or lesser density of the surface has no influence on 
radiation from the surface. Platinum which has been strongly hammered, possesses the same 
emissive power as platinum carefully annealed. But the sam^ surface roughened with emerj- 

Saper has its emissive power greatly increased. As far as quantities of heat are concerned, ii is 
oubtful whether anything further than such relative detenninations can, in the present state of 
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knowledge^ be depended <m ; the aotnal or abflolate qtumUtieB for different tempeimtnreB being still 
nnoertain. 

Tablk IX. — ^Badiatiho Powsbs or Bubpaou. 

Lamp-black 100 I Mica 80 

Paper 98 ' Graphite lH 

Reain 96 i Tarnished lead 45 



Sealing-wax 95 

Crown glass 90 

Indian ink 88 

Ice 85 

Bed-lead 80 



Mercury 20 

Polished lead 19 

Polished iron 15 

Tin plate 12 

Gold, silver, copper 12 



EzperimentB by Magnus give the following relative emissive powers for different surfaces at 



270^ 

Blackened silver 100 

Ghiss '.. .. 64 

Fluor-spar 45*5 



Bock salt 13 

Polished silver 9*7 



The laws of radiation which have been enunciated point out, however, one fact which has an 
important bearing in connection with the transfer of heat. The formula g = O . a* (oi* ^ 1) shows 
that the differences of temperatures of the radiant and absorbing bodies, enter as exponents in the 
formula, so that with a constant temperature of the absorbent txxly, such as the water over the 
fuinaoe in steam boilers, the quantity of heat emitted by the grate, and absorbed by the water, will 
increase with great rapidity as the temperature of the fire increases. The formula for the cooling 
of the gaseous products of combustion, on the other hand, 9 = G' ^i*'"*, shows, if this law be true, 
that the influence of increase of temperature in the gases is not so great as in radiation, because 
the difference of temperature between the heated gases and the water of the boiler, is simply 
raised to the power indicated by the constant exponent 1*233. 

Light and radiant heat are now assumed by philosophers to be manifestations of the same 
physical agent ; and heat, like light, when it falls upon the surface of a body, may be reflected, 
refracted, absorbed, or polarized. The radiating powers of different bodies, or different surfaces, 
represent also their absorptive powers, and radiant heat does not affect the eye, or solids do not 
become luminous, until the temperature reaches about 750° F. 

The radiation and absorption of gases, according to Tyndall, present very peculiar laws, and 
our knowledge of ^e action of gaseous bodies on radiant heat is still very slight. It has been 
demonstrated experimentally that a ray or beam of heat is wholly, or almost wholly, transmitted 
through moderate distances in air, oxygen, hydrogen, and nitrogen ; and conversely, no radiation 
tfl^ee place from the heated particles of these gases. The only mode, therefore, by which heat can 
be imparted to these gases, or Hy which they can impart heat to other bodies, is by actual contact. 
Some other gases possess remarkable powers in absorbing or intercepting dark radiant heat. 

The absorption of radiant heat bv vapour of water diffused in air, under circumstances of average 
humidity, is seventy times greater than the absorption by dried air. As the quantity of watety 
vapour is increased, the amount of heat absorbed is also increased. 

This fact has been suggested by G. E. Emerv, of New York, to be an important cause of loss of 
heat in the cylinders of steam Engines, when there \a condensation in the cylinder. The walls of 
the cylinder radiate heat to the cloudy vapour and become cooled, the heat radiated being carried 
out with the exhaust ; and when new steam is again admitted, the walls are again reheated by 
tiie incoming steam. 

Comparative experimentsL made with glass and iron cylinders, seem to confirm this view, glass 
being a feeUe radiator and absorber. Acting on this idea, Emery proposed a mechanical separator 
to the double cylinder engine, to remove the particles of water from the steam in its passage from 
the smaller to the larger cylinder. 

The quantity of watery vapour contained in air at different temperatures is often a matter of 
importance, especially when tsJcen in connection with the radiation of heat. Table X. shows the 
quantities of watery vapour in air at dew points from 0° to 100° F. 

The fact that air charged with moisture absorbs, in each unit of time, seventy tunes more heat 
than air practically dry, is an explanation of a phenomenon which has an important bearing on human 
health and comfort When air at a high temperature is overloaded with moisture, radiation takes 
place from the air to the body, producing an oppressive sensation of heat When, on the other 
hand, the temperature of saturated air is lower than the natural temperature of the body, the 
radiation or transfer of heat will take place from the body to the air, producing the sensation of 

cold. 

It is this that makes a low temperature, with a dry atmosphere, more bearable than a higher 
temperature with air highly charged with moisture. 

Definite knowledge on the transfer of heat by contact, in reference to quantities of heat would 
be of greater value, practically, than a knowledge of tlie exact laws of radiation, because in nearly 
all cases the quantity of radiating surface, in the evolution of heat bv combustion, depends on the 
quantity of incandescent surface of the fuel, the siae of furnace, and form of bed of fuel ; which 
quantities are dependent on the quantity of heat required an hour, and are thus fixed by other 
conditions than the laws of radiation. But the utilization of the heat in the gaseous products of 
combustion, requires special constructions of fines and pipes which, while conveying these gases 
to the chimneys, act at the same time as heating surfaces for liquids in contact with the surfaces. 

When heated gases, or liquids, are conveyed in pipes or conduits to the places where the heat 
is to be given off, By contact or radiation from metallic sorfisoes, the utilization of heat involves tlie 

o A ^ 
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laws of transfer hv oontaot, and the determination of the neoessarjr amount of nirfaoe in Bnchcase 
is often directly dependent on these lawa The quantity of heating surfaces of steam hoilen, the 
cooling surfaces of condensers, the quantity of surface of hot-water pipes for heating air fiir 
dwellings and factories, questions which are continually presented to the engineer, are dependent 
on the action of these surfaces in transferring, by contact, the heat of a liquid or gas on one aide of 
a surface, to a liquid or gas on the other side. 







TaBLB X. — QUANTITiaB 


OF Watekt Yafocb in Aib. 






Oeg. 


Grains In a 


Deg. 


Grains in a 


' Deg. 


Onios lo a 


TVg. 


Grains In a 


D<«. 


Grains lo a 


Fahr. 


Cable Fooi. 


Fahr. 


Cubic Foot. 


Fahr. 


Cubic Foot 


Fahr. 


CqUc Foot 


Fahr. 


Cubic Foot. 





0*186 


20 


1-563 


40 


3-066 


60 


5-828 


i 80 


10-732 


1 


0-810 


21 


1-618 


41 


3-168 


61 


6013 


< 81 


11 055 


2 


0-836 


22 


1-674 


42 


3-274 


62 


6-204 


82 


11-388 


3 


0-864 


23 


1-733 


, 43 


3-382 


63 


6-400 


83 


11-729 


4 


0-893 


24 


1-793 


' 44 


3-495 


64 


6-620 


84 


12 079 


5 


0-925 


25 


1-855 


1 4^ 


3-610 


65 


6-810 


85 


12-439 


6 


0-957 


26 


1-915 


, 46 


3-729 


66 


7-024 


86 


12-808 


7 


0-992 


27 


1-986 


47 


3-851 


67 


7-243 


87 


13-185 


8 


1-028. 


28 


2-051 


48 


3-979 


68 


7-469 I 


88 


13-577 


9 


1065 


29 


2 125 


49 


4-109 


69 


7-702 


1 89 


13-977 


10 


1103 


30 


2-197 


50 


4-244 ' 


70 


7-941 


1 90 


14-387 


11 


1-143 


31 


2-273 


51 


4-382 


71 


8-186 1 


91 


14-809 


12 


1-184- 


32 


2-350 


. 52 


4-524 


72 


8*439 1 


92 


15-241 


13 


1-226 


33 


2*430 


' 53 


4-671 i 


73 


8-699 


93 


15-684 


14 


1-270 


34 


2-513 


54 


4-8-22 . 


74 


8-966 


94 


16-140 


15 


1-315 


35 


2-598 


55 


4-978 


75 


9-241 


95 


16-607 


16 


1-361 


36 


2-686 


56 


5-138 


76 


9-523 


. ^ 


17 086 


17 


1-409 


37 


2-776 


57 


5-303 ' 


77 


9-813 


97 


17-577 


18 


1-459 


38 


2-870 


58 


5-473 1 


78 


10111 


98 


18081 


19 


1-510 


39 


2-996 


i '' 

1 


5-648 


79 


10-417 

i 


99 

100 

1 


18-598 
19-129 



It may be regarded as a rule, that when the liquids or gases on the opposite sides of a metallic 
plate remain at constant temperatures respectiyely, the thickoess of the plate does not affect the 
rate of transfer of heat from one side to the other. It is only when the temperatures of the fluids 
on the opposite sides aie changing, that the iuteroal conductivity of the wall between them, or the 
dissipation of heat by the wall, need be considered. 

Thus the influence of the thickness of the metallio flues of a steam boiler is felt only in 
retarding the rapidity of first generating steam after the fires are started. After the boiler is 
working steadily at a given pressure, the greater or lesser thickness of the metallic plates which 
transmit the heat to the water, is a matt^ of little importance, as far as the rate of transfer ia 
concerned. This fact has been demonstrated both by experiment and by direct observation. 

The following empirical formula gives, approximately, the rate of transfer of heat an hour, for 
each square foot of heating surface of the tubes or flues of steam boilers; — 

(*i - *y 

a 

in which #i~ t is the diiCarence of temperature between the heated gases on one side at any point, 
q the quantity of heat transferred in units of heat, and a a constant, the value of which lies between 
IGO and 200. 

This formula is intended only as a rough approximation. As it is stated by Rankine to be the 
result of experiments on the evaporative powers of boilers, it is probably applicable only to the 
special conditions of these experiments. 

If we regard the water in the boiler as the absorbent of the heat, the sides of the flues being the 
walls of the chambers which separate the water from the heated gases, the application of the 
law of Dulong and Petit, would give the quantity transferred by each square fbot in an hoar as 
follows ; — 

differing from Bankine*s formula only in the exponent 

All that is known deflnitely on this subject, at present, appears to be that the transfer is pro- 
portional to the difference of temperature raised to a power greater than unity, probably between 
1 and 2. 

The greatest difficulty in applying either law, lies in the indeterminate constant coefficient. la 
all cases of hiating or cooling a fluid by contact with a surface, the quantity of heat tiansferrad in 
a unit of time, depends on the circulation of the fluid, and where one fluid is heated or cooled by 
another, the two being separated by a metallic plate, the circulation of both mu»t be taken into 
consideration. This is the condition under which the heat of the gaseous products of oombuation 
in the steam boiler is transferred to the water. Want of circulation in either the heated gases or 
the water, causes a retardation or complete suspension of the transfer of heat 

When heat is thus transferred by contact from one fluid, either liquid or gaseous, to another 
throogh a metallic plate, it results from the law that the quantity transferred depends ou the 
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diffeienoes of temperatureB, that the motions of the two fluids should be in opposite directions. 
The difference of temperatures will then be the greatest possible at every point. 

Heating sur&ce is an expression used to designate in mechanical constructions the surfaces or 
plates, usuaUr metallioi through which heat is transmitted. Where the transfer is bj the contact 
of a fluid, as m the flues of steam boilers and cooling surfaces of condensers, the heating or cooling 
fluid is supplied in a continuous current, or stream, through the flues or pipes. In such cases the 
fluid usuaily issues &om the apparatus at a constant determinate temperature. This temperature 
will depend on the initial temperature and the specific heat of the flnid, and the total quantity of 
heat transferred from or to the fluid, as it passes through the apparatus,* will be represented by the 
following expression ; — 

«i = C,(«,-OxW; 

In which gr, represents now, not the heat transferred from a particular square foot of surface in a unit 
of time, but the whole heat abstracted from, or imnarted to, the circulating fluid in a unit of time ; 
ti^t represents the loss or gain of temperature of this fluid, and W the total weight of tiie fluid 
which passes through the apparatus in a unit of time. 

The volume of fluid which passes through the apparatus, will be proportional to the velocity 
multiplied by the total sectional area of the flues or pipes through which it passes ; and since the 
weight is equal to the volume, multiplied by the density, or W = V D, it is evident that it will 
require a much greater volume of a gas, than of a liquid, to impart or abstract a given quantity of 
heat if a given quantity of heat is to be transferred by an apparatus^ through the medium of fluid 
contact in a given time, that quantity being represented by 

g, = 0,Wft-0 
or gi = C,VDft-0. 

It appears, therefore, that the volume of the fluid, its density, its speciflo heat, and the initial 
and final 'temperatures, must all be considered. Whore the initial ana finid temperatures of the 
circulating fluid are fixed by the conditions of the problem, the quantities to be considered will be 
the specific heat, the volume, and the density of the fluid. For given volumes of flow, liquids are 
therefore, under such conditions, more efficient than gases in proportion to their greater density. 

Conduction of heat refers to the transmisbion .of heat, from one part of a continuous and homo- 
geneous body to another part of the same body. When a body is heated at one point, the heat is 
transmitted with greater or less rapidity throughout the whole mass, depending on the nature of 
the body, and the differences of temperature of the heated part and other parts of the body. If 
the body is terminated by two parallel surfaces, which are each kept at a constant temperature, 
heat will pass at a constant rate from the hotter surface to the other by conduction. 

The law of conduction under these circumstances is, that the quantity transmitted for a unit of 
area, perpendicular to the direction of transmission, and for a unit of time, is directly proportional 
to the difference of temperatures of the parallel surfaces, and inversely proportional to tne thick- 
ness, or distance, which separates the two surfaces. If ^i and t represent tne temperatures of the 
two surfaces, and e the distance separating them, the quantity of heat transmitted will be 

The coefficient C depends on the nature of the body. 

When the quantities of heat thus transmitted, for different bodies, across an interval one unit 
of length in tluckness, and for one unit of area and time, are determined, these quantities of heat 
represent the relative conductibibties of the substances, and the numbers thus found, when referred 
to one as a standard, are called the conductivities of the different substances. 

The relative conductivities of metals determined byexperiments on bars of a given cross-section, 
the transmission of heat being determined by thermometers, placed at different distances in holes 
drilled in the bars, have been ascertained by difig^rent investigators. 

Table XI. of conductivities is from experiments made by Wiedemann and Franz, the tempe- 
ratures along the bars being determined by a thermo-electric anaugement. 

Table XL— Gonddotivitixs or Metalb. 



Name of MeUL 



BelAtlve CondacUyities. 



SUver .. 

Brass 

Tin 
Iron 

Steel .. 
I Lead .. 
Platinum 
Palladium 
Bismuth 
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It wt8 found that the oonduotiyity diminishes as the temperatare of the metal 
For iron, the diminution of the number representing the conduotmty was from 15 to 25 per oenl 
for an increase of lOOP temperature. It was shown also by Forbes that the same numbers show the 
rehitive conductivity for electricity. 

For the absolute quantities of heat, in thermal units, transmitted, the following Table XII. gives 
reliable data for a few substances. In this table the numbers and formulas give the quantities of 
heat in calories wliich will pass through a metallic plate 1 millimetre in thickness and 1 SQQAra 
metre in area in 1 second, when the temperatures of the two parallel surfaces difEer by I*' GBnti- 
grade. 

Table XII. — ABSOLrrE CoNDU criviTiJc s of Metals. 



Name of Sttbttanoe. 



G)pper 
Zinc . . 
Brass . . 
Iron 

German silver 
Lead 



Observer. 



AngBtrSm. 


102-7(1 - 


-0- 0035670 




19-88(1 

• • • • 


- 004791) 



By Peclet 



Nenimiin. 



110-75 
30-70 
30-19 
16-37 
10-94 
3-84 



The results of Neumann, reduced to English units of heat and English units of area, thickness, 
and time, will give the aporoximate numbers in the following table for the quantity of heat 
transmitted a second, by conduction, through an area of I sq. ft., and a thickness or 1 millimetre, or 
*0394 of an inch, the difference of temperatures between the parallel faces of the plate being 1^ F. ;— 



Copper 
Zinc . 
Brass . 



41-2 
11-4 
11-2 



Iron 6*1 

(German silver 4*1 

Lead 1-4 



The relative thermal resistance, or reciprocal of the conductivity of liquids, as determined by 
Guthrie, is given in the following table for the liquids named ; — 



Water 10 

Glycerine 3 84 

Acetic acid 8*38 



Spenn oil 8-85 

Alcohol 9*09 

Oil of turpentine 11*75 



The absolute values of the conductivities of liquids are uncertain. It was ascertained by- 
Guthrie, liowever, that the conducting power of liquids is greiiter at high than at low temperatures* 
And when there is no convection of beat in liquids, by which heated particles are carried from one 
point to another, the conducting power of liquids is very small ; the conducting power of water 
being, according to Depretz, only about ^ that of copper. 

Gasea possess such a feeble power of conduction that they have been regarded as not pos- 
sessing this property. Experiments by Magnus, and theoretical deductions by Clausius, however, 
demonttrate that in peri'ect ga^es tliere is a slight conduction. Clauaius estimates the conducting 
power of air to be aoout y-^ that of lead. 

The calorific intensity of combuation, or degree of temperature of the products of combustioQ, 
and of the solid incandescent combubtlble, seems to depend on the rapidity of combustion rather 
than the quantity of heat evolved. Nearly all writers on the subject have given a method for 
finding what may be called the theoretical temperature of combustion, by supposing that all the 
heat evolved is contained in the gaseous products, and calculating the temperature by means of 
the specific heats, and the weight of the products of combustion, and the heat evolved, making 
use of formulas corresponding to that which has been given at pp. 719, 720. 

Such determinations, however, have but little practical value for solid combustibles, because the 
residual incandescent solid gives off rapidly, b^ radiation, heat which does not pass off with the gases. 
The amounts of heat thus given off for different solid combustibles, in pairts of the whole heat 
evolved, are, according to Peclet, as follows ; — 



For Coal 0-55 

„ Coke 0«55 

Wood 0-29 



n 



For Charcoal 0*55 

Peat 0-25 

Peat-oharooal 0-48 



n 



The quantity of heat radiated from an incandescent combustible depends, not only on the 
temperature of the combustible, but also on the temperature of the aljsorbent, and the nature of the 
surfaces. On this account there does not appear to be sufficient ground for ascertaining the tem- 
peratures of furnaces, or of the escaping gaises, by this process. It is well known from common 
observation, that the temperature in ordinary furnaces is greatly increased by a more rapid supply 
of air ; so that the quantity of heat evolved in a given time, and the temperatme, are thus 
increased. 

Chemical action is promoted by high temperatures, and the conditions for increase of tempe> 
rature, increase of heat evolved in a given time, and rapidity of chemical action, are coincident. 
Where excessively high temperatures are desirable, as in blasting furnaces, and in melting metals, 
the substance to be melted is placed in contact with the fuel, and all external radiation prevented. 
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Under these oireomttanoeB air may be supplied in large quantities by artificial draught to the 
oombostible. 

In open fnnaoes, however, where a part of the heat is to be transferred by external radiation as 
the comonstioQ proceeds, too much air may be hurtful, by chilling the combustible and diminishing 
the activity of the fire. In all cases, complete or perfect combustion requires a fixed quantity of air, 
any excess being hurtful. The quantity suppUea in a unit of time, must depend on the sur&ce of 
the combustible exposed to incandescence or inflammation, and the rapidity of combustion. 

Actual observation by a thermometer or pyrometer is, therefore, the only reliAble means of ascer- 
taining the temperatures which aocompanv combustion. 

The quantity of water which a steam boiler will evaporate in a given time depends, primarily, 
on the temperatures to which those parte of the plates of the boiler Known as heating surfaces, are 
exposed, and to the extent of those surfaces. In the furnace, the crown and side-walls are exposed 
to the radiant heat of the incandescent fuel, and to the contact of the heated gases. The heating 
surfaces of the flues are usually exposed to the contact of the heated gases alone. 

The temperature of the fuel, and the initial temperature of the heated gases, depend on the 
intensity of combustion, or the quantity of fuel burned on each square foot of the grate-surface in a 
unit of time, and also on the kind of combustion that takes place : perfect combustion, in this con- 
nection, designating that in which no combustible gases or uncombined oxygen escape to the 
chimney. For the transfer of heat in the furnace by radiation, if G represent the number of square 
feet of grate-surface, and q the quantity of heat emitted from each square foot in a unit of time, the 
quantity of heat transferreid, according to the laws of Dulong and Petit, will be 

Qi=qQ = Cat (a<i - 1) 

or Q, = Ci (a«i - 1). 

The transfer of heat by contact of the heated gases in the furnace will be represented by 

Q, = FO, «,»•«". 

in which F represents the total furnace surface, and the total transfer of heat in the furnace will be 

Q. + Q, = 0.((i«i-l) + FC,V« 

In this expression, f, represents the difference between the temperature of the incandescent fuel, 
and the temperature of the water in the boiler. If U represent the temperature of the water in the 
boiler, the temperature of the gases as they enter the flues will be ^i + ^». From this initial point, 
the U mperature of the gases will diminish, until they leave the heating surface in their course to the 
chimney. The law of this diminution may be thus found : Let <7, represent the quantity of heat 
transferred, at any point of the heating surface, through one square foot, in one unit of time, the dif- 
ference of temperature at that point being t The quantity transferred through a portion of the 
heating surface represented hj da will heqids. 

The reduction of temperature which the gases undergo, in a unit of time, in passing that surface, 
will hedt, and the quantity of beat lost by the gases will be represented by C W dt, O representing the 
specific heat of the gases, and W the weight of gas which passes the element da in 9k unit of time. 
The quantity of heat transferred to the water muat be equal to that lost by the gases, and hence we 

OWd< 
da = • 

Substituting for q its value as given by the laws of Dulong and Petit, we have 

OWdt 



da^ 



c, *»•»»• 



Integrating this expression between the limits ^i, the initial temperature t^^ the temperature of the 
gases as they leave the flues, we have cW(t "'*** — i -****) 

^^ --2330, • 

from which the value of <| may be found. 

* "" Vow- ^SSc^,"*/ •«•' 

In this expression a represents the whole heating surface of the boiler. 

This expression is of no special practical value, but serves to indicate a mode by which the 
initial temperatures may be found. The temperature f, of the gases as they leave the flues may 
ususJly be observed by a common thermometer, and it would only be necessary to make experiments 
for ascertaining the value of W, and the constants which enter the equation. 

If the initial temperature could be observed, or calculated with certainty, the quantity of heat 
imparted to the water through the heating surfaces of the flues might be found, being represented by 

CWdt 
If the expression (f s = ?r7viii ^ integrated between the limits ti and O, which supposes that 

the flues extend far enough, to reduce the temperature of the gases to the same temperature as the 
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water, we shoald obtain equations by which the relations t)etween q ^nd $, and t and s, become 
known, namely ; — 

C, and 0^ being constants, and a being expressed in nnits of length of the fines, one nnit being the 
length which corresponds to a segment which is eqnal to one sqnare unit of area. 
The corresponding formulas, if we assume with Rankine that q = Af, will be 

AOW 

8 

AC«W« 



^ = — r- 

These formulas show that after the gases enter the flues, the temperatures diminish very rapidly, 
and that the quantity of heat transferred through each square foot of surface diminishes by one 
formula as the fifth power, and by the other as the square, if the distance from the initial point 
increases. The relative efSciency of heating surfaces in passing towards the chimney may thus be 
estimated. Increase of heating surface should be made as near to the furnace as possible, and not 
by adding length at the extreme end towards the chimney. 

The effects whicli follow the transferring of heat to a body, solid, liquid, or gaseous, have been 
described at p. 715. 

The term latent heat is a technical expression, designating a quantity of heat which has 
apparently disappeared, but which really has been employed in producing changes in the body, in 
the form of work, other than the change of velocity of molecular motion, or change of temperature. 
By reversing the process by which heat is thus made to disappear, this latent heat may oe repro- 
duced. 

In separating the effects of a given quantity of heat q into the parts A, B, and G, the true 
theories of the coelficient of expansion, specific heat, and latent heaf become snsceptihle of rational 
explanation. Of these quantities, A and 0, for any change of heat in a bodv, can usually bo 
numerically estimated ; the change A being directly proportional to T, the change of absolute 
temperature, and the change being the product of the external pressure multiplied by the 
change of volume of the body. The quantity B, however, cannot thus be separately calcuUted, 
because there is not, in the present state of science, sufficient knowledge of molecular attractions to 
compute directly the work perfotmed in overcoming these attractions, tor a given change of volume. 
This is not important, however, because this quantity may be found from tiie expression given at 
p. 719, when q. A, and C are known. And in the action of bodies under the innuence of heat in 
the solid and liauid forms, for nearly all bodies, the quantity C is bo small for the extreme range 
of temperature belungiug to those states, that for technical purposes it mav be neglected ; while, 
on the other band, after the bodv has passed to the state of vapour or gas, the quantity becomes 
large, and the quantity B so small that it may be neglected. 

The latent heat which, in the most general case, is represented by ;rza (B + G) becomes for 

77* 

solids and liquids, practicaUy, —- B, and for gases, especially perfect gases, ==^ G. In other words, 

in the case of solids and liquids, for all practical purposes, the effect of the exterior preasmre may 
be neglected, and in the case of perfect gases and vapours, the internal work may be regarded as 
simply confined to the change of molecular vibration. 

The specific heat of a soUd or liquid may be regarded, therefore, as equivalent to 

c = (rt + 6) -i 

=-^ being the quantity of heat, in units of heat, which remains in 1 lb. of the subsCanoe, after an 

b 
increase of temperature of 1° F., and — ^ being the latent heat of expansion of 1 lb. of the sab- 

77* 

■tanoe for 1^ rise of temperature. 

Practically, this quantity, or the latent heat of expansion, is included in the specific heal for 
ordinary solids and liquids, the quantities a and 6 not bein^ separated. The amount of neat 
necessary to raise one pound of a solid any number of degrees m temperature is thus c, the specific 
heat, multiplied by <, the number of degrees, c being the mean specific heat of the solid for the 
given range of temperature. 

A remarkable change occurs, however, in the relative values of A, B, and G, when a body 
changes its state from solid to liquid, or from liquid to gaseous. 

At the melting point, the quantity A vanishes suddenlv or gradually, and the addition of heat, 
after that, does not raise the temperature of the residual mass of solid, or that part which has 
become liquid, each additional unit of heat being expended in the work deeignatea by B + G ; B 
being the greater, and G being usually very small, and soinetimes negative. 

This quantity JL for each pound of the substance melted is called the latent heat of ftuion, 
772 

and its value In units of heat for various substances has slready been given, p. 717. 

After the body has all passed to the liauid state, if heat be still applied, the quantity A re- 
appears, the substance is further heated and the temperature rises, and from the molting point to 
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the boiling point, the quantity of heat necessary to raise the temperature of the body 1° F. is 
again composed of the three terms ; C being, as in the solid state, very small, since the expansion 
of liquids is smalL and the spedfio heat of the liquid is taken to represent the combined quantities 
A, B, and 0. T)ie quantity of heat necessary to raise the temperature of 1 lb. of water from the 
melting point of ice to the boiling point of water being 

^ = c X 212°, 

and through any given range of temperature 

? = c X («, - Of 

c being the mean specific heat for the given range of temperature, and ^i — ^ the number of 
degrees. 

At the boiling point of a liquid, another remarkable phenomenon occurs, similar to that attend- 
ing the melting of the body. The term A again vanishes, or in other language, the temperature of 
the liquid and its vapour remains constant, as long as the external pressure is constant, until all the 
liqoid has passed to the state of vapour. All the heat transferrod to the substance during this 
operation becomes latent, or is expenaed in producing the work represented by B + 0. 

The sum of these two quantities expressed in units of heat, or - ^ is in this case the quantity 

which has received the name of latent heat of evaporation, and which has been determined by 
various investigators for different liquids and for different boiling points. Table XIII. gives the 
latent heats of evaporation, in English units, of various substances, the pressure on the external 
sur&ce being one atmosphere ; — 

Tabls Xin.— Latent Hbat or Vafobizatioh. 

Water 966*23 .. .. Begnault. 

Ether 164*0 .. .. Favre and Silberman. 

Oil of turpentine .. .. 123*0 .. .. „ „ 

Alcohol 872-7 .. .. „ „ 

Hydrocarbons 107'8 .. ., „ „ 

The change from the state of liquid to the state of vapour being accompanied, at the pressures 

most employed, by a considerable increase of volume, the term ==^ in the general formula 

77« 

==:; + .:;^ « which represents the latent heat of vaporization, becomes appreciable. The term ==^ 
772 772' '^ r rr JJ2 

represents the heat employed in overcoming the attractions of the particles, by which they are 
entirely removed from attractive influence on each other ; this constitutes the principal part of the 

latent heat. While the term ==^ represents the work of overcoming the external pressure in mats 

77* 

PU 

of heat, and may be represented by ■==^ , F representing the external pressure, and U the increase 

77^ 

of volume which the liquid undergoes in expanding to the vaporous form ; so that if L represents 

the total latent heat, we may represent this by 

772 "^ 772 ' 
or L = R + PU;i^. 

•ja 

B representing the units of heat corresponding to — • 

The latent heat of vaporization of water for different temperatures or pressures, to about 
375° F., was determined by Begnault, in a series of experiments. Bankine gives the following 
empirical formula, based on that of Begnault,which represents the results of his experiments ; — 

L = 1091*7 - 0*695 (t - 32°) - 0*000000103 (t - 39*P)», 

or, approximately for technical applications, 

L = 1092-0*7(«-32°) 
= 966 - 0*7 p- 212°). 

From this formula it is apparent that the latent heat of evaporation, for water, diminishes witli 
the temperature above 212°. 

The total heat necessary to transform 1 lb. of water, from the liquid condition at the melting 
point of ice, to the condition of saturated vapour or steam at the temperature ^, may now be 
estimated. This is called the total heat of vaporization, and represents the sum of the heat which 
is required to heat the water from the temperature 82° to the temperature t, and the heat which 
disappears as latent heat. By algebraic symbols the sum is evidently expressed as follows ; — 

Q = c (« - 32°) + L = g + L, 

c being the mean specific heat of water between the limits of temperature, and L the latent heat of 
vaporization at the higher temperature. 
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The lemlti of BegnMilf ■ experimenta, already nfioned ia, led him to the dieooTeij, that the 
toial heat of the Tapour of water from the temperature of melting ioe, IncreaaeB at a uniform rate as 
the temperature riaea. 

Begnanlt a fonnnla by which this law is exptesaed is aa fullows ;^- 

Q = 606-5 + 0-305 1, 

Q being the total heat in calories, and i being ezpreand in Centigrade degreea. 
The eqni?alent English fivmnla ia 

Q = 1091-7 + 0-305(* - 32°). 

The expresrioQ for the tofed heat of imporixation is 

Q = ? + I^ 

from which we haTO L = Q — 7 ; 

that is, the latent heat of Yi^xvization is equal to the total heat, diminished by the quantity of heat 
necessary to raise the temperature of tlie liquid, from the melting pmnt of ice to the final tempera- 
ture of evapomtion. 

In practice, the specific heat of liquid water may often be regarded as unity, and q for 1 lb. of 
water will then be represented by 1 X itx — t\oT (/, — the difference of temperatures. 

The aboTC formula for the total heat, gives the total beat necessary to raise the ten^rature of 
1 lb. of water from 32° to any temperature, and eTaporato it at that temperature. Water is not 
usually obtained in industrial processes at ao low a temperature as 32°, and Ib often heated, by 
what would otherwise be waste heat, to a temperature aa high aa possible, before its introdu(^o& 
to the evaporating veaseL 

If from the totel heat aa given above by the fonnula 

Q = 1091-7 + 0*305 (* - 32°) 

we subtract the heat neceeaary to raiae 1 lb. of water from 32° to the temperature of the feed- 
water <|, we shall have the total heat required to raiae the water from the temperature t, to t, and 
evaporate it at <° F. 

Q = 1091-7 + 0-305 (* - 32) - c(«, - 32), 

c being the mean specific heat of water between 32° and ft, or, approximately, c being 1, the fonnula 
may m written — 

Q = 1092 + -3 (< - 32) - ft - 32). 

In experiments to determine the evaporative powers of given kinds of fuel, or of given boilers, 
for the puiposes of comparison, it is necciisary to refer all such experimeuto to the same standara 
conditions ; and it ia usual to select the condition of water supplied to a boiler at 212° F. and 
evaporated at that temperature ; at which the number of unite of heat neceasary for each pound is 
966. If the water is actually supplied at a lower temperature, and evaporated at a higher tem- 
perature, the quantity of water which would have been evaporated under the standard conditiona 
of temperature, that is from and at 212°, by the same quantity of friel burned, may be found by a 
simple proportion, thus ; 

Let W, be the weight of water actually evaporal»i at the hieher temperature by the total heat 
Q, found by the above formula, and X the quantity which would have been evaporated if the water 
had been supplied and evaporated at 212°. Then we^hall have, evidently, 

X 966 = W, Q, 

and X = W,^. 

96d 

Qi 

The following formula for the foctor ^ for any temperature <i of the feed- water and any other 

temperature t of the evaporating point, is given by Banldne ; — 

(* - 212°) + (212 - «,) 



F = I + 0'3 



966 



When dry saturated steam is superheated, it is evident, from what pieoedes, that the additional 
quantity of heat necessary to raise the temperature of 1 lb. of the steam 1° will depend on the specific 
heat of steam. This, as determined by Regnault, is 0-475, and to heat saturated steam from the 
temperature <, its boiling point, under a given pressure^ to a temperature t^ under the same constant 
pressure, will be 0*475 (*, — t). 

So that the total heat of superheated steam may be found by the formula 

Q = 1091-7 + 0-305 (« - 32) + 0-475 («, - 0- 

The total quantity of heat in Knglish units, necessary to raise the temperature of 1 lb. of wator 
from 32° to a given temperature, and evaporate it at that temperature, has been given in the form 
Q = 9 + 1^1 from which we have « = Q — or, in which q represente the quantity of heat required to 
raise the temperature of the liquid from 32° to the given temperature, and x the quantity necessary 
to evapofate it at that temperature, or the latent heat of vaporization. It has been also stated that 
the quantity z it really composed of two terms, in which B represente that part of the latent heat 
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irhkh ariBeB from the work of the heat in overooming oompletely the moleeiilar attraeUoiis, and 

PU 

-==^ that part which arises from the work performed in the expansion of the yolume of the liquid 

to the Tolume of the liquid and its vapour ; the increase of volume being represented by U and the 
external pressure by P. The total quantity of heat required to raise 1 lb. of water from 82^ to any 
temperature, and evaporate it at that temperature, will then be expressed by 

PU 

In this expression q may be said to be the quantity of heat contained in the water at the tem- 

PXJ 

perature of vaporization, B the quantity of heat contained in the vapour, and =^ a quantity of 

heat which has been converted into external work. 

The separation of the latent heat of vaporization into its two parts, and the determination of the 
values of these parts, is due to Zeuner, who calls the quantity q the heat of the liquid, the quantity 

PU 

B the internal latent heat, and the quantity -r^ the external latent heat 

PU PU 

If from the total quantity of heat Q, we subtract ==^, we shall have J = Q - -r^ , which is 

designated by Zeuner the heat of the vapour. Its value indicates the excess in units of heat of 
the heat, contained in unit of weight of the vapour, over the heat contained in the unit of weight 
of the liquid at 82° F. from which it was produced. 

PU 

The heat of the vapour J and tlie internal latent heat B =r L — =^ are independent of the 

mode of evaporation, while in employing the total heat of vaporization Q, and the latent heat of 
evaporization L in the ordinary mode, it is necessary to suppose that the evaporation takes place 
under constant pressure. 

The quantities J and B are related to each other according to the last two expressions by the 
formula 

g = J-B, 

beoause we have from these expressions 

J - B = Q - L, 

and from a preceding formula 

PU 

The quantity •;r~^ in the preceding formulas might be calculated from the formula of Mariotte 

and Gay-Lussac : P U = B T for any temperature f, or any absolute temperature T, if vapours 
were strictly subject to the law of perfect gases ; but as this formula cannot be applied, Zeuner 

PU 

employs another, based on the dynamic theory of heat, by which the value of -==^ is found, and in 

which the values of L are taken from the experiments of Begnault 

The values of this term having been found for different pressures and temperatures, if these 
be subtracted from L, the results wUl give the corresponding values of B. 

The quantity of heat contained in a mixture of liquid and vapour, whether the liquid be mechani- 
cally suspended in the form of minute dropsf constituting wet steam, or remain in a mass at the 
bottom of the vessel, may be found, if the relative quantities can be determined. If X be the 
weight of vapour in 1 lb. of the mixture, the quantity of heat in the liquid at the temperature of 
vaporization will evidently be q, and B being the latent internal heat of 1 lb. of vapour, X B will 
be the latent internal heat of the quantity of vapour X ; hence the total heat in the mixture will be 

Q, = «7 + BX, 

the quantities q and B being found from the tabl& 

The usual method of determining the total heat of wet steam has been, to regard the total latent 
heat of the vapour as contained in the steam, and to employ the formula 

Qi = N g + N, L = N (t - 82^ + Nj [1091 • 7 + • 805 (< - 82°)], 

N being the number of lb. of water, and N, the number of lb. of vapour in the mixture ; the 
specific heat of water being 1, and the initial temperature being 82°. 
The difference between this formula and the last, from whi<ui we have 

(N + NOQ,=(N + NO(gr + BX), 

being that the internal latent heat of the vapour, only, is considered, N + N| being the total weight 
of liquid and vapour. 

PU 

The values of Q =; 9 + B + -==t found from tables of the properties of saturated steam, con- 
form to tho law of Begnault, that the total heat increases uniformly as the temperature rises. 

The amount of this increase is situdl even for a great range of temperature. For instance, the 
total heat necessary to ralBe a pound of water from 32° to 212°, and evaporate it at that temperature, 
is 1146*6 units of heat ; and the quantity necessary to raise the same amount of water from 32^ 
to 329*5° F. corresponding to 7 atmospheres, and evaporate it at that temperature, is only 



782 



HEAT. 



1182-47, or 35-9 additional units of heat; less than ^ part of the latent heat of evaporation of 
1 lb. of water at 212°. 

The valnes of z, the latent heat of eTaporation, may be found, for any given pieBBOie or tern- 

PU 

peratnre, by adding together the corresponding values of B and ■==^ • 

The term density refers to the degree of approximation of the moleonles of a body to each other. 
It becomes specific when it refers to the number of moleonles or atoms in a unit of volume of a 
given substance, this unit being a standard for all bodies. In English measures, 1 oub. ft. is the 
standard unit of volume, and the weight of 1 cub. ft. of a substance m anv condition, is the specific 
weight of that substance in that condition. It is usual to express specific weights in terms of the 
weight of a unit of volume of a standard substance, the latter weight being taken as unity. Water 
is the general standard for specific weights, but for gases and vapours air is also taken as a standard, 
the weight of 1 cub. ft. of air being unity. 

Table XIY. shows the relative densities at 32° F., and one atmosphere pressure^ of some of the 
gases commonly met with : — 

Tablb XIY.— Belatiys DiKsirm or Gasbi. 



Air 1-00000 

Nitrogen 0-97137 

Hydrogen 0*06926 

Oxygen 1-10563 

Carbonic add 1-52901 



Water 1*00000 

Air 0*0012932 

Nitrogen 00012562 

Hydrogen 0-0000896 

Oxygen 0*0014298 

Carbonic acid 0-0019774 



Table XV. gives the weights of 1 oub. ft. of each of the same substances in pounds avoirdupois, 
under the same conditions, namely, at 32° F. and one atmosphere pressure, except for water, 
which is taken at 39- 1° F. ;— 



Tablb XV. — Wbight nr Porime Avoibdufois or i Cub. Ft. 

Water 62*425 

Air 008073 

Nitrogen 0*07860 

Hydrogen .. 0*00559 



Oxygen 0*08926 

Carbonic acid 0*12344 

Steam 0*0502 



The density of a perfect gas, at any other pressure and temperature, may be found from the law 
of Mariotte and Gay-Lussao. 
In the expression 

PV = RT 

Y may be taken as the volume of unit of weight or specific volume, and if d represent ihh weight of 

unit of volume or specific weight, we shall have Y D = I and V =1= »' 

hence 

^ = ET. 

P 

and for any other pressure and temperature fr = B T,. 

From these two equations we obtain by division 

jP D. T 
P» D 






and 



T, 



r» TV P T 



The density here considered, bein^ the speoifio weight, or weight of a unit of volume, may be 
found in the above table, headed weight in pounds avoirdupois of 1 oub. ft., for any perfect gas 
mentioned in the table. 

The specific volume of a gas is the volume of unit of weight. In English measures 1 lb. avoir- 
dupois is the unit of weight, and to obtain the specific volume we have Y = r^ the reciprocal of the 

specific weight. 

Specific volumes, or volumes of 1 lb. of each of the substances named, are given below in oub. ft., 
for 32° F. and one atmosphere ; — 



Air 12-3870 

Nitrogen 12*7226 

Hydrogen 178*8909 



Oxygen 11*2032 

Carbonic acid 8*1011 

Steam *.. 19*9203 



If saturated vapours could be treated as perfect gases, the preceding formulas for determining 
specific volumes and specific weights of the vapour of water might be employed, in which, for 
English measures, P is the pressure in pounds per sq. ft., Y the volume of 1 lb. ; B is a constant 
equal to 85*766, and T the absolute temperature. The constant 85*766 is derived from the oorre- 
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spondiog value of B for air, on the suppoeition that the weight of 1 cub. ft. 6f saturated steam is 
0'622 that of air at the same temperature and pressure. 
From the aboye formula we have for saturated steam — 

„ „ 85-766 X T ^ 1 P 

PV = 85.766XT; V = — ^ ; P = y = 85-766 x T ' 

Let it be required, for instance, to determine the volume of 1 lb. of saturated steam at a 
pressure of 6 atmospheres. This pressure corresponds to a teroperetnre F. of 318*6, and the corre- 
sponding absolute temperature will be 459-4 + 318-6 = 778* F. Six atmospheres pressure is 
12700*8 lb. a square foot, and the formula becomes, for the specific volume, 

_ 85-766 X 778 - oeo u r* 
V = — ,^,.^ ^ — = 5-253 cub. ft. 
12700*8 

and for the specific weight, 

12700*8 ^ 0.^903 tb. 

85-766x778 

It has been remarked, however, that for saturated vapours, the law of Itfariotte is strictly appli- 
cable, only on the supposition that the vapour is in the superheated condition. 

In order that this hiw may be applicaole, it is necessary that the specific weight of vapour shall 
bear a constant ratio to that of air at the same pressure and tempuratore. This ratio, as deter- 
mined by Begnault for saturated steam, is 0*622. The following gives the ratios of the weights 
of unit of volume of the vapour of water, relative to air, for increasing pressures, as determined 
by Zeuner theoretically ; — 

Ilensitj of vapour Density of vapoor 

relAtive to ur. reUUve to air. 

0-1 0*621 



0*6 0*633 

1 0-640 



2 0-648 

5 0*662 

10 0*676 



From this table it will be seen that it is only at very low pressures that the law of BCariotte and 
Gay-Lussac will apply to saturated vapours. For pressures such as are ordinarily employed in the 
steam engine the Jaw does not apply. 

A Imowledge of the specific volumes and specific weights of saturated vapours, especially of the 
vapour of water, is of great importance, in technical applications, for the pressures ana temperatures 
usually employed, ana these have been already treated of in this Dictionary. 

Chemical action, when accompanied by the development of light and heat, is usually called 
combustion. Inflammation denotes that kind of combustion in which the products are gaseous, and 
flame is produced. Ignition is simply the incandescence of a body unattended by chemical change. 
The phenomena of heat being those of rapid molecular motions, the lieat and light developed by 
combustion must indicate an increased molecular movement in the particles of bodies, when com- 
bustion takes place, proportional to the amount of force of the chemical attractions. The heat of 
combustion may, therefore, be rationallv explained, by saying that intense and violent increase of 
motion in the particles of the compound is produced by the chemical attractions. Ordinary com- 
bustion consiBts in the combination of ozyRen with various substances ; the temperature required 
being different for different substances, and varying for the same substance with the rapidity of 
the combuiition. Phosphorus combines slowly with oxygen at 77^ F. : charcoal burns slowly, but 
does not ignite, below a red heat ; sulphur bums in air at about 550^ F. 

But most elementary substances require to be heated to redness before combustion in oxygen or 
the air takes place. According to Peclet, solids emit light, or become dull red, at about 750° F. 

Compression of air does not appear to focilitate combustion, unless the combustion takes place 
rapidly, and is consequently attended with considerable evolution of heat 

Most substances bum with great rapidity when in a finely divided state. Fine dust of many 
substances burns in this manner with a rapidity, which in a closed space, may give rise to such a 
degree of pressure from the expansion of the gases, as to produce phenomena like explosions. A 
sioi^le spark may thus produce instantaneous combustion. 

Porous substances often absorb and condense air within their pores ; oxidation begins, accom- 
panied by an elevation of temperature, which accelerates the oxidation until the process produces 
spontaneous combustion. Charcoal powder, masses of tow, cotton, or rags, saturated wi^ oil, 
sawdutit mixed with oil, moist hay, and other substances in similar conditions, have thus been 
known to burst into flame. 

Wood does not take fire in oxygen gas, according to Th^nard, at temperatures below about 
600° F., but if it be long exposed to a high temperature, even lower than this, in air, it may become 
partially charred, and rendered so infliunmable as to favour the conditions of spontaneous com- 
bustion. Charcoal from wood made at a temperature of 480° F. takes fire in air when heated to 
about 650° F. 

Ordinary combustion is accompanied usually by incandescence and fiame. If a solid bums 
without flame, the heat evolved at the surface of contact of the air causes an elevation of tempera- 
ture of the residual solid particles, which gives rise to a glow, or incandescence, Uie colour and 
intensity of the light being dependent on the temperature. Dull red indicates the lowest tempe- 
rature at which light appears, and dazzling white the highest degree of heat; between these 
extremes the light passes from dull red, or cheny red, to bright red, dull white, then to a yellowish 
and finally to a bluish white, and a full or dazzling white. 

If the combustible is gaseous, the combination with oxygen may be instantaneous, producing by 
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the Tiolent oonoiiasion of the air an exploBion; but in order that this may take i^aoe, the 
combuBtible gas muBt be mixed nnifonDiy in the proper proportiona, and then heated to the 
burning point. A similar effect takes place when a solid, such as sulphur or charcoal, ia 
mixed with a nitrate or other solid which gives np its oxygen readily. In both oases it ia 
only necessary that the temperature be raised te ignition at one point by friction, percussion, 
or the contact of a hot body, the action being then propagated instantaneously throughout the 
whole mass. 

When the combustion is gmdual, the contact of the combustible gas with oxygen, or the air, 
takes plaoe usually at the bounding sur&ce of the gas; as, for instence, when a jet of gas issues 
fh>m an orifice, or when a column of gas rises from the wick of a candle. The inner mass of the 
combustible gas does not ignite at first, and the ignited surfiftoe assumes the form of a hollow 
cylinder or cone. 

The brightness and colour of such a flame de|)end not only on the degree of temperature, but 
upon the presenoe of solid incandescent particles in the flame. These solid particles afise some- 
times from the compound produced by the combination, but in ordinary forms of combustion of fuel 
they are particles of carbon. Hydrogen gas, carbonic oxide, alcohol, and sometimes ooal-gas bum 
thus with a dull flame. 

A bright flame is produced by compounds which contain carbon, from which a portion of the 
carbon bMomes separated by the heat produced, the separated particles being flnt heated to incan- 
descence, and afterwards burned by contact with the air. If the quantity of air supplied is not 
sufficient, these solid particles may become cooled and form soot The Tisible part of smoke is this 
soot cooled below red beat. Marsh gas, oleflant gas, ether, volatile oils, resins, and fats, when 
burned give off carbon in this manner, and may form bright flames, or nroduoe, if the separated 
particles are not all burned, soot, or smoke. A purely gaseous substance does not become luminous 
at any degree of temperature however high, luminosity being caused by particles of incandescent 
solids in me gas. 

The combustible ingrediente of ordinary fuel, and of the liquids and gases usually employed for 
the generation of heat, are carbon and hydrogen. These substances combine readily with oxygen, 
the former producing by the combination carbonic acid, or carbonic oxide, and the latter water. 
The oxygen required is usually supplied by the atmosphere, which contains about one-filth of ito 
weight of this subutence. ^ 

As a general rule, all chemical combinations produce heat, while chemical decompositions cause 
a disappearance of heat. In the combination of two simple isolated elements >heat is evolved onlv, 
but where the combination is effected through the simultaneous decomposition of compound sub- 
stances, the heat evolved ia the resultant of that which is produced b^ the combination of the 
combustible elements, and that which disappears through the decompositions. 

In compounds containing oxygen and hydrogen in the proper proportions to form water, the 
surplus hydrogen only contributes to the development of heat when combustion takes place. 

These elemente combine to form water in the proportion by weight of one part of hydrogen to 
eight parts of oxygen, and by volume, one of hydrogen to one-half of oxygen. 

Carbon unites with oxygen in two proportions, namely, to form carbonic add, six parts of 
carbon to sixteen of oxygen by weight, and to form carbonic oxide, six of carbon to eight of oxygen. 
Carbonic oxide is a highly combustible gas, taking up when exposed to air or oxygen at the proper 
temperature eight additional narts, or one equivalent of oxygen to form carbonic acid. 

Carbon oompletely bnmea thus produces carbonic acid and satisfies the conditions of perfect 
combustion. Imperiectly burned, the result usually of a deficiency of air, it produces carbonic 
oxide. 

Air is composed of oxygen and nitrogen. Ordinary atmosnheric air contains also, mechanically, 
watery vapour, aud carbonic acid in small quantities. Of these elemente the oxygen lUone ia the 
active agi-nt of combustion. 

Pure dry air contains oxygen and nitrogen in the proportion by weight of— 

Oxygen 0*236 

Nitrogen 0764 

1000 
and by volume — 

Oxygen 0*213 

Nitrogen 0*787 

1*000 

The weight of a given quantity of air is thus 4*25 times the weight of oxygen it oonteins, and 
1'31 times the weight of nitrogen. The volume of a given quantity of air is 4*69 times the 
Tolume of oxyeen it oonteins, and 1*27 times the volume of nitrogen. 

1 lb. of carbon, to form carbonic acid, unites with 2*66 lb. of oxygen, the resultent weight being 
8*66 lb. of carbonic acid. This requires 11 '3 lb. of air, and produces after combustion, 12*3 lb. 
Since 1 lb. of air oocupies at 32® F. and at the ordinary pressure 14*7 lb. a sg. in., 12*39 cub. ft, 
li follows that 1 lb. of carbon requires for its combustion, approximately, 12*39 x 11*3 = 140 
oob. ft of air. 

1 lb. of carbon, to form carbonic oxide, unites with 1*33 lb. of oxygen, making 2*38 lb. of 
carbonic oxide. This requires 5*65 lb., or about 70 cub. ft., of air at ordinary temperatures and 
pressures. 

1 lb. of hydrogen, to form water, requires 8 lb. of oxygen, the resultant being 9 lb. of water. 
This requires, when the combustion is in air, 33*97 lb., or 420*0 cub. ft of air, and the total 
weight after oombitotion is 34*97 lb. 
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1 lb. of light caibnretted hydrogen, or marsh gas, to form carbonic acid and water, requires 
4 lb. of oxygen, the reenltant being 5 lb. of carbonic acid and water, in the proportion of 1 water 
to 2-44 caroonio stcid. For this combustion, 17 lb., or approximately 210-0 cub. ft of air are 
required, making 18 lb. of gas and watery vapour after combustion. 

For burning 1 lb. of oleflant gas, 3*43 lb. of oxygen are required, making 4 -43 lb. of carbonic 
acid and water ; the Tolnme of air required being approximately 170 cub. ft. 

The following Table XYI. gives the atomic formulas, the chemical equivalents, the weight of 
oxygen, and the weight of the products of combustion in oxygen of the substances named ; — 



Table XVI.- 


-ATomo Formulas, GHDacAL Equiyalxnts, 


AND PbODUCTB 


OF Combustion. 


Name of Oom- 


Atomic 


Cheml- 
«1 


Prodncto of Com- 


Atomic 


Chemi- 
cal 


Weight of 

Fixed 
Ozygen. 


WeiBht of 

Gombn*- 
Uble. 


Weight 
of Pro- 
dncteof 


buUble. 


FomralA. 


EqnlTft. 
lent. 


bottton. 


FormulA. 


EqniTft- 
lent. 


Onnbiis- 
Uon in 














Oxjgen. 


Carbon .. 


c 


6 


Carbonic acid 


CO* 


22 


16 


2-66 


3-66 


Carbon .. 


c 


6 


Carbonic oxide 


CO 


14 


8 


1-33 


2-33 


Carb. oxide .. 


CO 


14 


Carbonic acid 


CO* 


22 


8 


0-57 


1-57 


Hydrogen .. 


H 


1 


Water 


HO 


9 


8 


800 


9-00 


Marsh gas . . 


C»H* 


16 


Carbonic acid 


2C0* 


44 














Water 


4H0 




64 


4-00 


500 


Oleflant gas 


cm* 


28 


Carbonic acid 


4C0* 


88 














Water 


4H0 




96 


3-43 


4-43 



When the combustion takes place in air, the weight of the products of combustion depends on 
the quantity of air required in each case. Table XVII. gives a recapitulation of the statements 
already maae in general terms for the combustion of 1 lb. of the different substances ; — 

Table XVII. — ^Pboducts of Combustion of 1 lb. nr Aib. 



Name of Com- 
btutlble. 


Products of CombostioD. 


1 Weight of 
Weight of the Prodocto 
fixed Oxy- ' ofCombus- 
gen In Itx i tton in Oxy- 

1 gen in lb. 


Weight of 
Air corre- 
sponding In 
lb. 


Weight of 
Products of 
Combustion 
in Air in lb. 


Carbon . . 
Carbon . . 
Carbonic oxide 
Hydrogen 
Marsh gas 
defiant gas .. 


Carbonic acid 

Carbonic oxide 

Carbonic acid 

Water 

Carbonic acid and water . . 
Carbonic acid and water .. 


2-66 
1-33 
0-57 
8-00 
4-00 
3-43 


3-66 
2-33 
1-57 
9-00 
500 
4-43 


11-29 
5-65 
2-42 
33-97 
16-99 
14-57 


12-29 
6-65 
3 42 
34-97 
17-99 
15-57 



Most of the substances involved in ordinary combustion are found only in the gaseous state, 
and at the moment of combination it is supposed that nil, even carbon, become gaseous. It is 
hence convenient, and often necessary, to know the proportions by volume in which combinations 
take place. 

Table XVIII. exhibits the products of combastion of one volume, 1 cub. ft, of each of the com- 
bustibles named, and also in exact figures the number of cub. ft of air necessary to bum 1 lb. of 
each of the substances to form the products specified ; — 



Tablb XVin. — Aib bxquibxd fob Combustion, akd Results, bt Voluve. 



Name of Com- 
bostible. 



Compotl* 
tkmby 

Yolnme of 

one 

Yolnme. 



Carbon .. 
Carbon . . 
Carb. oxide 
Hydrogen 
Marsh gas 


C 
C 

iC + 2H 


defiant gas 


C + 2H 



Composition 

by Volume 

'of Products 

of Combustion. 



Total 
Volume 
of Pro- 
ducts of 
Combus- 
tion in Air. 



2 (\0 + O) 
2 (iC + iO) 
1 (IP + O) 
1 (ft + iO) 

1 (iP -I- O) 
2(h-hiO) 

2 (^0 + O) 
2(6+^0) 



137-50 
83-28 
36-14 

509-1 

228-3 
188-5 



Volume of 

Air required 

to bum I lb. 

of Combus- 

Ublein 

cub. ft. 



137-50 
68-66 
29-80 

419-7 

206-4 
176-6 



Volume 
of Air 
Corre- 
sponding. 



9-39 
469 
2-35 
2-35 

9-39 

1408 



Volume 
of fixed 
Oxygen. 



Volume 
of tbe 
Pro- 
ducts of 
Combos* 
tion. 



2 
1 





3 






2 





2 


5 


1 


5 


1 





8 





4 
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The last oolnmn ehowB the total volome of the gaaeona modacta of oombastion in air. The 
numbers in this oolamn are found in the following manner ; — Vor the oombustion to form carbonic 
acid, 2 cub. ft. of oxygen combine with 1 cub. ft. of carbon to form 2 cub. ft. of carbonic acid. The 
▼o]ume of the carbonic acid after the combustion will be the same as Uie volume of the fixed 
oxygen, and after the combustion, the yolnme of the products n^mains the same as the volume of 
air required for combustion. 

Id the combustion of carbon to form carbonic oxide, however, it will be observed that for each 
cub. ft. of oxygen used, 2 cub. ft. of carbonic oxide are produced. The amount of air necessary 
to bum 1 lb. of carbon to fonn carbonic oxide is given in the table 68*66 cub. ft., which contains 
68*66 

= 14*62 cub. ft. of oxygen. Each cub. ft. of oxygen with the carbon forms 2 cub. ft. of 

carbonic oxide ; so that if we add 1 cub. ft. for each cub. ft. of oxygen to the amount of air required, 
68*66 cub. ft., we shall obtain the total gaseous product, 83*28 cub. ft. 

In the combustion of hydrogen the same ratio is observed. In the oombustion of marsh gas 
1 cub. ft. Ib to be added fur every two cub. ft. of oxygen ; and for defiant gas, 1 cub. ft. for every 
3 cub. ft. of oxygen. 

These tables are valuable in determining tlie quantity of gas that is discharged from furnaces, 
and also in the discussion of problems relating to draught, and the quantity of heat transfened to 
water in the generation of steam. 

In regard to the vapour of water, if it is cooled to the point of condensation, its volume will 
practically disappear from the volume of products of oombustion, causing a cunsidenible reducUon 
of volume in the ca^e of the hydrocarbons, and making the volume of the gaseous products even 
less than that of the air introduced. 

An important consequence of the dynamic law of heat, and one which has been experimentally 
verified, is, that all chemical changes are accompanied by corresponding changes of heat. Ghcmiod 
actions and heat are mutually convertible; and although the quantity of heat evolved, or dis- 
persed, in any chemical change, can only be experimentally determined, yet it has been established 
that the combination of any two bodies, chemically, ia attended by the evolution of a quantity of 
heat equal to that which dkAppears in their separation. 

The quantities of heat evolved or diaengsiged in chemical combinations are found experimentally 
by means of calorimeters. These mia^urers of heat ure employed in various forms, and operate, 
generally, in such a manner as to exhibit the effects of the heat evolved in acting on a given sub- 
stance, such as the mdting of ice or the raiding of the temperature of a given quantity of water ; 
tlie quantities of heat being thus indirectly measured, by being transferred to some body in which 
these effects can be estimated in units of heat. 

Table XIX. gives in English units, the quantities of heat disengaged by the oombustion of the 
bodies named by oxygen ;— 

Tablb XIX.— Heat Disenoagkd. 



Names of OombaBtiblM. 



Heat evolTcd by the Oombiu- 
tkm of 1 lb. of GombttsUble. 



Names of Obeenrenb 



Hydrogen 

Carbon 

Graphite 

Native sulphur .. .. .. 

Carbon to carbonic oxide . . 
Carbonic oxide to Carbonic acid 

Marsh gas 

defiant gas 

Turpentine 

Alcohol 

Ether .. 

Spermaceti 

Anthracite (Pennsylvania) 
„ (Mayenne) 

Bituminous coal 

Lignites 

Peat 

Peat, 20 per cent, water . . 

Coke 

Dry wood 

Wood containing 20 per cent water 
Ordinary illuminating gas 
Oas from iron furnaces .. 
Petroleum 



62*000 
14*544 
14*035 

3'9G6 

4*466 

4*325 
23-513 
21*844 
19*533 
12 -9.31 
16*250 
18-616 

14 114 (calcuhOed) 
15-689 
14*400 
12-240 

9000 

7-200 
12*600 

7*200 

5*600 
18-OUO 

1-620 
21-000 



t* 



n 









Favre and Silberman. 



n 

' rt 
w 
»» 
»» 

>» 
11 
»» 



Morin and Tresea. 



n 
If 

>» 
»t 
w 
>i 
»» 
n 
»» 



Iq tins manner the heat evolved in the combination of both simple and compound bodies 
has been determined by many observers, especial authority iK-ing given to those of Favie and 
Silberman. In the changes which compound bodies undergo, it may be stated, as a general 
law, that the heat which appears or disappears is the resultant of the action of the simple element^ 
and* where a compound consists of combustible elements only, like carbon and hydrogen, the heat 
disengaged, is the sum of the quantities of heat disengaged by the combustion of the elements 
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8e|>amtely. This law, thongh not indiflpatablr eetabliBhed, is considered safflcienily exact for all 
ordinary purposes. The temperature at which bodies combine, althongh affecting the rapidity or 
energy of chemical action, does not affect the total quantities of heat invoWed in the change. 
See BoiLEB. Fouironvo. Ptbometeb. 

J^iftof Books on Heat. — ^Tyndall, John, 'Heat a Mode of Motion/ sixth edition, cr. Svo, London, 
1880. Caausiaa, R., ' The Mechanical Theory of Heat,* transktod by W. B. Browne, 8vo, London, 
1879. Baynes, Robert £.. ' Lessons on Thermodynamics, cr. 8vo, Oxford, 1878. Box, Thomas, 
' A Practical Treatise on ueat as applied to the Useful Arts,' second edition, cr. 8vo, London, 
1876. Trowbridge, William P., * Heat as a Source of Power/ 8vo. New York, 1874. McCulloch, 
R. S., ' Treatise on the Mechanical Theory of Heat, 8vo, New York. 1876. Fourier, Joseph, * The 
Analytical Theonr of Heat,' translated by A. Freeman, 8yo, Cambridge, 1878. Maxwell, J. Clerk, 
• Theory of Heat,^ fifth edition, cr. 8^0^ London, 1877. 

HORSE-POWER (H.P.). 

The unit of work consists of one pound weight raised one foot high, without specifying the time 
in which such work is done ; but for purposes of calculation in connection with steam engines, the 
time occupied in raising one pound one foot high requires to be included, and so the unit for 
power becomes one pound raised one foot in one minnte. But as such an amount is in general 
inconveniently small for engines of any size, the standard power usually adopted in practical 
mechanics is that which is called a horse-power. 

Engineers of the last genemtion, with whom human and animal labour was an important con- 
sideration as a source of motive power, devoted considerable care to experiments as to the best 
modes of applying it, and the quantity of power developed. The main result of their dedactions 
was, that in moving machinery the power of a horse was on the average equivalent to raising one 
pound 33,000 feet in one minute, or raising 33,000 lb. one foot high in a minute, and since that 
period the figure of 33,000 lb. has been taken as a standard for horse-power, though it is undoubtedly 
a high one. This standard is generally accepted, and there is no cause why it should not be 
universal Iv employed, except that it does not fit accnrately with the empirical metrical system, so 
the French horse-power has been made equal to 32,549 lb. raised one foot high in a minute, not 
apparently because that is any more accurate than the English standard, but because it is a convenient 
round number expressing 450 kilogrammetres a minute. 

Horse-power is commonly associated with three qualifications, namely, indicated horse-power, 
effective horse-power, and nominal horse-power. 

Indicated horse-power is ascertained by a knowledge of the average steam pressure in jpounds 
upon each square inch of a piston. This is then multiplied by the area in square inches to give the 
total impelling pressure in pounds. This total is multiplied by the velocity of the piston in feet a 
minute, and finally divided by 33,000 to convert the expression of units of work, pounds raised one 
foot high in a minute, into the more manageable figures of horse-power. 

Thus whatever power is actually produced by steam pressure in a cylinder becomes known, and 
forms a tolerably accurate standard by which the performance of an engine may be tested. 

Average pressure is measured by the steam engine indicator, but when an engine is doing work, 
and when running empty or driving shafting. By taking indicator diagrams under both ciroum- 
stances, it can be ascertained how much power has been consumed in driving the engine and 
shafting, and how much remains to be usefully expended. 

The latter amount is called effective horse-power, and its proportion in relation to the whole 

Sower varies according to cireumstances, but may be taken as about 5 per cent of the indicated 
orse-power when not easilv ascertainable. 

"Nominal horse-power is purely a oommereial name, and has no defined or generally acknow- 
ledged meaning. It is a term giving an approximate idea of the diameter of an engine cylinder, 
wliioh would be much more reasonably expressed in inches. Such as it is, however, the old standard 
takes a mean pressure of 7 lb. on the square inch, and a piston velocity of 220 feet a minute for 
low-pressure engines ; and, so far as a comparison of the smaller commercial high-pressure engines 
may be a g^ide, an amount of 10 circular inches seems generally the average one allowed for each 
horse-power. Tliis, for example, makes a 10-inch cylinder to be called 10 horse-power, and a 
12-incn cylinder 14 horse-power. These figures do nut apply for larger sizes, and each engine 
if well and strongly made will give far higher results than their nominal horse-power implies. 

The elements really entering into the number of horae-power which any engine will develop are, 
the average effective steam pressure, and the velocity of the piston. 

Thus one engine may be so well and stronglv constructed as to work with very high pressure 
steam, and &;ive out twice as much power as another of the common type, while both, so far as the 
diameters of their cylinders are concerned, are called of the same nominal horse-power. This loose 
term ought properly to be abolished from an exact science such as engineering has now become, 
and while its earto signification has passed away, no new meaning has been defined and generally 
acknowledged. 

The indicated horse-power of an engine may be found by the formula 

• 33,000 ' 

where H.P. is the indicated horse-power ; p, average pressure on its piston in pounds a square inch ; 
a, area of piston in square inches ; /, feet travelled in a ndnute. 

It is easy to notice, that if for any diameter of cylinder and speed of piston there be obtained an 
amount, giving the horse-power at an average pressure of 1 lb. a square inch, a table of such 
amounts will facilitate calculations, as it would be only necessary to ascertain the average pressure 
from indicated diagrams, and multiply that amount by the unit of horse-power for each pound 
pressure. Table I., given by Artliur Kigg, in his treatise upon the Steam Engine, has been prepared 
for this purpose, and it will readily supply any units of honKvpower, beyond what are actually given 

3 H 
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for any other yelooity of piBton, by nmltiplicatum or dividon. For example, a piston of 12 in. 
diameter at 400 ft. a minute giyea 1*366 horse-power for every pound ayerage pressure on each 
square inch, and will give half or double tliis amount at speeds of 200 or 800 ft a minute. 

Table L — ^Indicated Hobsb-foweb fob each Pound Ayebaob Pbebsube ok a Bquabb Ihgb, 

with diffebent diametebs amd speeds of pibtons (biqo). 



Diameter 

of 
Cylinder. 


SPEED 


OF FISTOli 


r IK FEET 


A MIKUTE. 




240 


300 


350 


400 


450 


500 


550 


600 


650 


750 


inches 






















4 


•091 


•114 


•133 


-152 


-171 


-19 


•209 


•228 


*247 


•285 


H 


•115 


•144 


•168 


-192 


•216 


24 


•264 


•288 


•812 


•36 


5 


•144 


-18 


•21 


•24 


•27 


•30 


•38 


•36 


-89 


•45 


5i 


•173 


•216 


•252 


•288 


•324 


•86 


•396 


•432 


•468 


•54 


6 


•205 


•256 


-299 


-842 


•385 


•428 


•471 


•513 


•555 


•641 


6} 


•245 


-307 


•391 


•409 


•461 


•512 


-563 


•614 


-698 


-800 


7 


•279 


•348 


-408 


•466 


•524 


•583 


•641 


•699 


-756 


•874 


n 


•321 


-401 


•468 


-534 


•602 


•669 


•735 


•802 


•869 


1*002 


8 


•365 


-456 


•532 


-608 


-685 


*761 


•837 


•912 


•989 


1-121 


8i 


•413 


•516 


'602 


•688 


•774 


•86 


-946 


1*032 


1118 


1-29 


9 


•462 


-'577 


•674 


•770 


•866 


•963 


1-059 


1*154 


1-251 


1-444 


H 


•515 


•644 


-751 


859 


•966 


1074 


1-181 


1-288 


1-895 


1.610 


10 


•571 


-714 


•833 


*952 


1-071 


1190 


1-309 


1*428 


1-547 


1785 


10| 


•63 


•787 


•919 


1-050 


1-181 


1-313 


1-444 


1*575 


1-706 


1-969 


11 


•691 


•864 


1-008 


1152 


1-296 


1-44 


1-584 


1*728 


1872 


2-160 


lU 


•754 


•943 


11 


1-257 


1-414 


1-572 


1-729 


1-886 


2-043 


2-357 


12 


•820 


1-025 


1-195 


1-366 


1-540 


1-708 


1-880 


2*050 


2-222 


2*564 


13 


•964 


1-206 


1-407 


1-608 


1-809 


2-01 


2-211 


2-412 


2-613 


3-015 


14 


1119 


1-398 


1-631 


1-864 


2-097 


2-831 


2-564 


2*797 


3-029 


3-495 


15 


1-285 


1-606 


1-873 


2 131 


2-409 


2*677 


2-945 


3-212 


3-479 


4-004 


16 


1-461 


1-827 


2-131 


2-436 


2-741 


3^045 


• 

3-349 


8-654 


3-958 


4-567 


17 


1-643 


2-054 


2-396 


2-739 


3*081 


3*424 


3-766 


4-108 


4-450 


5-185 


18 


1-849 


2*312 


2-697 


3083 


3-468 


3-854 


4-239 


4^624 


5009 


5-78 


19 


2-061 


2-577 


3006 


3-436 


3-865 


4-295 


4-724 


5-154 


5-583 


6-442 


20 


2-292 


2-855 


3-331 


3-807 


4-285 


4-759 


5-234 


5-731 


6186 


7*138 


21 


2-581 


3-148 


3-672 


4-197 


4-722 


5-247 


5-771 


6-296 


6-820 7-869 


22 


2-764 


3-455 


4-031 


4-607 


5183 


5-759 


6-334 


6-911 


7-486 


8*638 


23 


3 021 


5-776 


4-405 


5*035 


5-664 


6-294 


6-923 


7-552 


8-181 


9*44 


24 


3-289 


4-111 


4 797 


5-482 


6-167 


6*853 


7-538 


8-223 


8-908 


10-279 


25 


3*569 


4-461 


5-105 


5-948 


6-692 


7-436 


8-179 


8-923 


9-566 


11 053 


26 


3-861 


4-826 


5-630 


6-435 


7-239 


8-044 


8-848 


9-652 


10-456 


12-065 


27 


4- 169 


5-199 


6-066 


6-932 


7-799 


8-666 


9-532 


10-899 


11-265 


12*998 


28 


4*477 


5-596 


6-529 


7-462 


8-395 


9-328 


10-261 


11-193 


12*125 


18-991 


29 


4-805 


6-006 


7-007 


8*008 


9 009 


10-01 


11-011 


12-012 


13*013 


15 015 


30 


5 141 


6-426 


7*497 


8-568 


9-639 


10-71 


11-781 


12-852 


13*923 


16065 


31 


5-486 


6-865 


8*001 


9144 


10-287 


11*43 


12-573 


13-716 


14-866 


17 145 


32 


5-846 


7-308 


8-526 


9-744 


10*962 


12-18 


13-398 


14-616 


15*834 


18*270 


33 


6-216 


7-770 


9-065 


10-360 


11-655 


12-959 


14-245 


15-54 


16-835 


19-425 


34 


6-59 


8-238 


9-611 


10-984 


12*357 


13-73 


15-103 


16-476 


17 849 


20559 


35 


6-993 


8-742 


10*199 


11-656 


13*113 


14*57 


16 027 


17-484 


18*941 


21*855 


36 


7-401 


9*252 


10-794 


12-336 


13-878 


15-42 


16-962 


18-504 


20*046 


23*133 


87 


7-819 


9-774 


11 403 


13032 


14-861 


16*29 


17-919 


19-548 


21-177 


24*435 


38 


8-246 


10-308 


12 026 


13-744 


15-462 


17*18 


18-898 


20-616 


22-334 


25*770 


39 


8-648 


10-86 


12-67 


14-48 


16-29 


18*1 


19-91 


21-62 


2353 


27-15 


40 


9-139 


11-424 


13-328 


15-232 


17-136 


19*04 


20-944 


22*848 


24^752 


28*560 


41 


9-604 


12-006 


14*007 


16*008 


18*009 


20 00 


22011 


24-012 


26-013 


30-015 


42 


10-065 


12-594 


14-693 


16-792 


18-901 


20-99 


23*089 


25-188 


27^287 


31-485 


43 


10-56 


13-20 


15-4 


17-6 


19-8 


22-0 


24*2 


26-4 


28-6 


33-0 


44 


11046 


13-818 


16121 


18-424 


20-727 


23-03 


25-333 


27-636 


29-939 


34-545 


45 


11-563 


14-454 


16-863 


19-272 


21-681 


24-09 


26*399 


28-908 


31-317 


36-135 


46 


12 086 


15-128 


17-626 


20*144 


22*662 


25*18 


27-698 


30-216 


32-754 


37-770 


47 


12-614 


15-768 


18-396 


21-024 


23-652 


26-28 


28-908 


31*536 


1 4 39-420 
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240 


300 


350 


400 


450 


500 


650 


600 


660 


750 


inches 
48 


12-846 


16-446 


19-187 


21-928 


24-669 


27*41 


30-161 


32-152 


35-633 


41-115 


49 


12-918 


17-142 


19-999 


22*866 


25-713 


28-57 


31-427 


34-284 


37-141 


42-855 


50 


14-28 


17-85 


20-825 


23*8 


26*775 


29-75 


32-726 


36-7 


38-675 


44-626 


61 


14-882 


18-54 


21-666 


24-76 


27-855 


30-95 


34*045 


37*08 


40-205 


46-425 


52 


15-437 


19*296 


1!2*612 


25*728 


28-944 


32-16 


35-376 


38-592 


41*808 


48-240 


53 


16041 


20- 052 


23-394 


26-736 


30*078 


33*42 


36-762 


40-104 


43*446 


50-13 


54 


16*656 


20-82 


24-29 


27-76 


31*23 


34*7 


38-17 


41-64 


45-11 


62-06 


55 


17-276 


21-694 


25- 193 


28-792 


32-391 


35*99 


39-589 


43 188 


46*787 


53-985 


56 


17-909 


22*386 


26* 117 


29-848 


33-579 


37-31 


41-041 


44-772 


48*503 


55-966 


57 


18 •567 


23* 196 


27062 


30-928 


84-794 


38-66 


42-526 


46*392 


50*258 


57-99 


58 


19-214 


24-018 


28-021 


32 024 


36-027 


40 03 


44-033 


48*036 


52*039 


60-045 


59 


19-902 


24-852 


28-994 


33-136 


37*278 


41-42 


45*562 


49*704 


63*846 


62-13 


60 


20*568 


26-698 


29-981 


34*264 


38-647 


42-83 


47113 


51*396 


55-679 


64-245 



The system of measarement of nominal horse-power was introdaoed by Watt, and was an 
areraee representation of the actual horse-power of an engine at that time when 7 lb. steam was 
thought high pressure. But 50 lb. is now the average pressure, and very much higher pressure* 
are in common use. The standard of Watt is therefore now auite in:ippropriate. 

The following scheme for the rectification of the stanaard nominal horse-power of marine 
engines and boilers described by J. Macfarlane Oray.in the * Nautical Magazine,' m 1872, may well 
be studied in connection with this important matter. 

The source of the power being the fuel, the rate at which that can be consumed is the first 
element in making up the power. For many years Gray had been accustomed to compare the 
steaming power of marine boilers with the total width of furnaces, and found that the tendency is 
towards this simple ratio, one ton of steam coals a day consumed for one foot of width of furnaces, 
irrespectiye of the length of bar. The fire-grate of ocean steamers has, in many cases, been shorted 
from 6 ft. to 6 ft. with an increase of steam raising power. Higher consumption than one ton a foot of 
width is quite common, but only where the boilers are originally too small for tlie duty required of 
them, ana consequently the fires have to be forced, to the detriment of economy. 

The next element in the power is the quantity of steam raised in proportion to the weight of fuel 
burnt Assuming that the boiler is properly proportioned, and making no allowance for deficiency 
of heating surfiBice, the weight of steam is tne weight of water evaporated, and for this 10 lb. of 
water evaporated by 1 lb. of steam coal may be taken as the stuidard of maximum practical 
efficiency. 

The next element is, how far will steam go towards horse-power. At a little above atmospherio 
pressure, namely, at 18| lb. above zero, 35 Id. of steam an hour wiU give one indicated horse-power 
if applied without loss, and without back pressure, and without expansion. The number 35 is one 
already appropriated by engineers for another purpose, and it wUl therefore be the more easily 
remembered for this. 

Xt high pressures, less than 36 lb. of steam would give one horse-power indicated. At 70 lb. 
gross pressure it would require only 32-36 lb. But each of these pounds would contain a little 
more heat, and would therefore represent a little more fuel. Evaporating from feed at 120^ the 
heat to be added to make 18 lb. pressure, is 1062 units .- and to make 70 lb., 1086 units nrast be 
added. This brings us to the oonclusioD, that the indicated Jiorse-power, at the high pressure, would 
require 6 per cent less heat than the other. 

But the temperature of the steam at this higher pressure would be 80^ in excess of the tempera- 
ture at the lower pressure. Efficiency of heating surface depends upon the ditference between the 
temperature of the water in the boiler and the temperature of the gaseous products of combustion. 
The conducting power of the metal is also reduced by increase of temperature, and is nearly inversely 
as the absolute temperature of the conducting medium. A difference of 80° will therefore make a 
difference of, say, also 6 per cent, on the amount of heat abstracted from a given weight of fuel. 

The extension of this calculation to higher temperatures gives similar results ; we may therefore 

assume, as beins practically correct, that the cost in fuel of one hoive-power, without expansion and 

without loss or back pressure, is the same at whatever pressure the steam is produced. Further, we 

may, without appreciable error, take this cost as equal to the cost of 35 lb. of steam produced at 

36 
18} lb. pressure, and that this will require r^ = 3*5 lb. of fuel. 

The next element is the reduction in efficiency caused by the loss of heat in blowing off where 
surface condensation is not used. As this loss is proportional to the effect of the steam when used 
expansively, Gray deals with it after that effect has been calculated. 

For the effect of expansion, it may be assumed that in every case the steam will expand in the 
cylinder to atmospheric pressure, taking that as exactly 16 lb. on the square inch. In framing a 
rule for a standard such as this, we must not introduce any factor which does not exist as a definite 
fact Now, the pressure of steam for which the valves are loaded is, at least in passage steamers, a 
quantity so fixed that it can be made available for this purpose. The degree of expansion will, 
tnerefore, be assumed to be expressed numerically by the gross pressure of steam in boiler in atmo- 

3 B 2 
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60-1-15 
spheres of 15 lb. Example, 60 lb. Bteam by gauge is — rr — = 5 atmospheres, and the expansion 

would be taken as five times. 

The effect of a given quantity of steam is, by expansion, increased by the following multiplier, 
9 
10 — ^g- , where B= ratio of expansion, when the steam is used without adding heat to it or 

abstracting heat from it. As any addition of heat would be, in general, by steam jacketing, and« 
therefore, would have to be drawn from the steam itself^ we may apply this formula to our purpose 
as being nearly true, whether there is or is not a steam jacket. 

This multiplier contains a radical, and, in this form, is unsuitable for the calculation of a stan- 
dard nominal horse-power. As a practical approximation to this multiplier, the following simpler 
rule may be used, applicable only to expansion from two up to eight times ; — 

From the number 18 subtract the ratio of expansion, multiply by the ratio, divide by 40, and 
add *85, or 

^ -h '85 = Effect of expansion, as a multiplier, = B. 

The Table U. shows the degree of approximation attained by this rule ; — 

Table n. — Standabd Nominal Hobbk-foweb. 

B (■»-!,) ("-''■^) 

2 1-667 1-650 

3 2034 1-975 

4 2-284 2-250 

5 2-474 2-475 

6 2-625 2-650 

7 2-750 2 775 

8 2-856 2-850 

9 
For steam aboye 120 lb. gross the formula E = 10 — t^- can be used. 

By introducing more complicated constants, a closer approximation might have been obtained, 
but to do so would be objectionable. 

It is requisite to have this rule in terms of pressure, the expansion being carried to atmospheric 
pressure = 15 lb. 

From 270 deduct the gross pressure, multiply by the gross pressure, divide by 9000, and add * 85. 
Or, writing P for gross pressure, 

P r270 — P) 

— \^^ • -h -85 = Effect of expansion, as a multiplier. 

9000 

But this rule takes, as yet, no notice of loss by back pressure or by radiation, or from the yaria- 
lions in the temperature of the surface of the cylinder. The loss by beck pressure should be propor- 
tionately less as the pressure P increases. But the other losses will theo be proportionately greater. 
When expansion is carried further than to 15 lb., there will in general be an increased effect 
produced, the loss by back pressure will be proportionately more, but the external radiation will not 
De increased. Upon the whole therefore it may be assumed as a convenient approximation, thai, 
including average deficiency in boiler, the total loss of effect will be one-fourth of the eyaporating 
power of the bouer. We have therefore to reduce the efficiency of fuel from 10 lb. of steam to 7i lb. 
of steam a pound of coal. Dividing 35 by 7- 5, we get 4| lb. of coal for an indicated horse-power, 
without expansion and without loss. From the ton of coal a foot of furnace front we will therefore 

2240 

^▼® :r: :- = 20 horse-power a foot of ftont 

24 X 4 *^ 

Gray proposes that this become the nominal horse-power of the boiler twenty times the total 
width of furnaces in feet. 

Considering the loss by blowing off, where surface condensation is not used, evaporating from 
feed- water at temperature 120°, and maintaining the aaltnees of water in the boiler at twice that of 
sea-water, the heat required a pound of steam made is — 

The latent heat .. ^Ho I *^' I in the steam used. 

Increase of temperature .. .. — 120 + ^ j *" ""^ ""^^ ""~- 

,, ,, .... — 12 + t in the water blown off. 

Sum 873 + 1*3/ total expenditure. 

When t = temperature therefore "" = expense of blowing off in parts of the tolal 

1 ' o f -p o7*> 

effect of the fiieL Calculating this, vre have 

At pressure = 1 atmosphere 8 per cent. loss. 
,, 2 atmospheres 10 ,, ,, 

ji 8 n 12-5 ,, ,, 

)i O fi ** ■ »} II 

8 ,. 16-8 



»f " It ■■*' " »» »i 



On referring to Table II. for the effect of expansion, it will be found that these numbers are 
just six times those given for the effect of expansion. In general, all new engines have 
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condensen, and for theee there will be no redootion for blowing oiT. There is, however, td^ayu 
some lofls from this, even with snrfaoe condensers, but this, and a supposed equal amount by which 
in practice the blowing off, without surfiEioe condensers, will, in practice, exceed the rule given, is 
included in the one-fourth deducted for losses in general. 
We have for the effect of blowing off the salt, 

„ 100 -6E 

100 

The only measurement of which we can make any use in the engine is the diameter of the 
cylinder. The speed of the piston, the degree of expansion, the proportion between cylinders in 
compound engines, the size of intermediate receiver, the angle of the cranks, are all to some extent 
elements involved in the expression of the horse-power of the engine ; but these indifferent engines 
vary so indefinitely that no standard can be based upon them. 

The rule at present adopted for nominal horse-power we have given above, but even this varies 
in different localities. 

Gray proposes as nominal hors^-power of engine, ten droular inches of piston area, counting 
only the low-pressure pistons in compound engines. This corresponds with 800 ft. piston speed, 
and 14 lb. pressure effective. 

As nominal indicated horse-power, add together the nominal horse-power of the boiler and the 

D* 
nominal horse-power of the engine. That is N.I.H.P. = -rr; + 20 F, where D* is the sum of the 

squares of the diameters of the cylinders, and where there is surface condensation. When there is 
not surface condensation the pressure will seldom exceed 30 lb. steam by gauge, and, therefore, 

neglecting the pressure, N.I.H.P. = tx -h 17} F. where there is jet condensation. 

This rule will run to be nearly equal to taking the speed of piston at 800 ft., and the effective 
pressure at 28 lb. a sq. in. This pressure is hieh, but 300 is now a low speed, and as the rule is not 
expected to be the true measure of power, but only an understood and convenient standard of 
rerorence, it may be found a suitable one. 

In applying the rule for nominal expansion horse-power, it is proposed to alter the value of P, 
in the proportion that the nominal horse-power of the engine is greater or less than that of the 
boiler. The reduction for blow off will also be made on the altered P, foe convenience in 
working out the calculation, and also because that by doing so we slightly increase the effect, when 
the degree of expansion is reduced, and decrease the effect when the degree of expansion is unduly 
increased. Wiien there is not surface condensation^ there is not this compensating element in the 
rule. But it will generally be found that where surface condensation is used, the engines will be 
fitted with steam jackets and other adjuncts, which will maintain the efficiency nearly eoual to that 
given by the rule when the engines are larger, and will not be so much required, although still 
costing nearly as much when the engines are smaller. Therefore, the diminished loss bv back 
pressure is, in a measure, oounterbalimced by the greater proportional cost of jacketing and other 
adjuncts. 

The following is a condensed statement of these rules ; — 

D^ = Sum of squares of diameters of cylinders — do not include the high-pressure cylinders of 

compounds. 
F = Sum of widths of furnaces in feet 

D« 

-r; = Nominal horse-power of engine. 

20 F = Nominal horse-power of boiler. 

D* 

— -h 20 F = Nominal indicated horse-power with surface condensation. 

D* 

— + m F = Do. do. do. with jet condensation. 

To illustrate these rules, take a pair of surCaoe-condensing engines, 72" cylinders with boilers 
having 76 ft. total width of furnaces. 

D* = 72 X 72 X 2 = 10368. 

D« 

Nominal horse-power of engines = jzr = 1036*8 

Nominal horse-power of boilers = 20 x 76 = 1520 

Nominal indicated horse-power = 2556*8 

Again, take two sets of compound engines, low-pressure cylinders 78 inches, boiler having 72 ft. 
total width of furnaces. 

. D*=78 X78x 2 = 12168. 

D« 

Nominal horse-power of engines = -^ = 1210*8 

Nominal horse-power of boilers = 20 x 72 = 1440 

Nominal indicated horse-power = 2656*8 

These results agree very closely with what is the average indicated horse-power in engines cor- 
responding to these dimensions, and satisfy almost every condition essential for a system of nominal 
horse-power of marine engines. The calculation is simple, the data are fixed quantities generally 
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known, and the resolts agree fiurly with avenge practice. Farther, the preaent nominal horse- 
power can be easily tranaferred into the above. 

If it ia desirable to inclnde these, presBore and expansion, as elements in the calcolation, 

D* and F are nsed as above. 

P = Gross pressure on safety valve, inclading atmosphere = 15 lb. 

„ - P* P 

'^ "aooF 

E s Effect of expansion as a multiplier, and is the Nominal Steam Coeffleient 
(270 -p) 

^ 9000 -^ 
8 = Proportion of evaj^orative power of fad available, after deducting for the blowing of the 

salt, when there is not a sor&oe condenser. 
„ 100 -6£ 

® =— Too — 

Nominal expansion hone-power = 20 F E, with surfi^e condensation. 
,, „ „ = 20 FS£, with jet condenser. 

Take the same examples aa before, two cylindere 72"; total fumaoe width s 76 ft; steam, 
iO Ib^ with surface condensen. 

P =r 40 + 15 => 55. 

D« ^ 72 X 72 X 2 __ ^ _ 

^ 200P 200x76 

_ (270 ^rt 87-5 (270 -37-5) .o5_,,p.6, 

^-^ 9000 ^ ®*" 9000 "" 85-18187. 

This represents the nominal steam coefficient, and 4f divided by thia wUl give the nominal 

4'66€ 
consumption an indicated horse-power, namely, — = 2*56 lb. an hour. 

Nominal expansion hone-power, or N.EAP. = 20 x 76 x 1*8187 = 2764. 
And if with jet condensation, it would be this multiplied by 8 ; 

N.E.H.P. = 2764 x 891 = 2463. 

Applying this to a compound engine, the aame aa before, 78 in. cylinders, 72 ft. of fumaoe width, 
steam 60 lb. 

P = 60 + 15 = 75. 

D« _ 78 X 78 X 2 _- _ . 

'^=^0F^ = -200-)e7r^^'=^^ 
^^f(270-p) 63-4 (1^^634) 

^ 9000 ^ 9000 ^ 

This is the nominal steam coefficient, and 44 divided by 2 '3 givea 2*024 lb., the nominal con- 
sumption an indicated horse-power an hour. Nominal expansion borae-power, or N JLH.P. r= 20 
X 72 X 2-3 = 3312. 

These results 2764 and 3312 agree very closely with the maxinnan indicated horse-power of 
eng^es having these dimensions. These rules do not refer at all to non-condensing engines. When 
the rule for the othen has been finally fixed, it will be easy to make a modification ofit applicable 
to non-condensinff engines with a blast draught 

HYDRAULICS. 

The application of hydraulic machinery to the various purposes requiring power on board steam- 
ships, in4ependently of the propelling power, is a comparatively recent step, and it will be found in 
many instances to have important advantages over steam power for such purpoees. There is a large 
amount of work, such as loading and discharging cargo, hoisting the anchor and sails, warping the 
ship into dock, steering, stoking, discharging aeu&es, for all of which hydraulic power is especially 
deserving of comiideration. The machines. Figs. 1440 to 1457, have been designed by A. B. Brown, 
of Edinburgh, to meet these requirements. 

The motive power is supplied by a pair of ordinary double-acting pumping engines, A A, 
Fig. 1440, which are in connection with a steam accumulator B. This consists of a large steam 
cylinder 36 in. diameter, fitted with a piston G, and the piston rod D forms the ram of a hydraulic 
cylinder £, having -j^th the area of tne steam cylinder B, so that 50 lb. an inch steam pressure 
gives a water pressure of 750 lb. an inch in the hydraulic cylinder, less the amount of friction. 
Steam is admitted to the top of the accumulator cyhnder at F, from the ordinary donkey boiler or 
the main boilera ; and the pumping engines are supplied by a branch Q from the opposite bide of 
the cylinder, and force the water from their pumps into the hydraulic cylinder at H. The bottom 
of the accumulator cylinder B is open conbtantly to the exhaust K. When steam is turned on to 
the accumulator, the engines start, at the same time pumping up the hydraulic ram D, and they 
continue working until the steam piston rises high enough to close the steam pipe orifice Q. The 
engines then stop ; but when water is dmwn from the accumulator by the action of the hydraulio 
madiinery, the Bteam piston descends, maintaining the pressure ot 750 lb. an inch upon the water ; 
at the »ame time by opening the steam pipe G it starts the engines again, and so the aocnmnlatar ia 
replenished. 

The steam piston of the accumulator is somewhat novel in the mode employed for making the 
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hemp pMkiiiK self-tighteDin^. The junk ring it ono piece with the piaton oarer, fltttiiK looaelj 
npon the oentte boee w the piatoD ; then if the hemp piuskiDg U tiKht, tbs inside knd oatdde of ths 
ring are in eqailibiiom, and there !■ therefore onl; a preraore on the uinnlar uea of the paokiDg ; 
but if the pochioK leaki more than the alack- 
neea of the Bmall boss of the piiton-end can 
pass, then the equilibrium is diitorbed and the 
jntkk ring ii pressed down and tighten* the 
padcing. 

This steam acoamnlator can be placed either 
vertically or horizontally, as may be most con- 
venient, and It is nsoally taid with ita enKines 
upon the main enf;ine-roam floor. The pa^ng 
of the scoomulator piston and the hydraulic 
nm, does not reqnire any attention during at 
least a year's work, and the engiuee, being 



aalomatically stopped and started, reqnii 
" tion beyond ordinary oiling. Although i 
r pressDre of 700 to 800 lb. an inch i 



Dsnallj maintained Ibi working at full power, 
the preasnre can be reduced to 200 lb. by nsing 
a lower tteam pressnre when doing esception- 
allj light work. 

Id Figs. 1441 to 114T is ehown the bydraolio 
reversing gear ; it consists of two hydiaulio 
Ringle-actlng eyiinden A A, having rams 
4| in. diameter and 19 in. stroke, oonpled 
t^ietber «ud wotkiDg in opposite directions, 
asd oonneotod by side rods B from the boss C 
to the weigh-sbah lever D. In ttie working of 
the appantDB, water from tbe acoumnlator is 
admitted to either of tbe oylinden as required, 
bj opening the slide-valve E by means of tbe 
reversing handle F, whioh is centred at G, and 
baa a detent rod and qnadrvit H. The other 




point I, «• tnUe plan, Elg. 1145. 



the donble lever E at an intermediate 
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The effect of this arrangement \b that when water is admitted into the lower cylinder by a 
downward movement of the reversing handle raising the slide-valve, Fig. 1447, the hydraalio rams 
are then moved in an upward direction, carrying with them the weigh-shaft lever D, Fig. 1444, and 
reversing the engines acoordingly, and by the same movement the stnd joint J upon the wei^h-shaft 
is lowered, and closes the valve again, so that the two hydraulic rams are then held fast in whatever 
position they may be placed. This counteracting cut-off enables the engineer at once, to place 
the reversing links of the main engines at any degree of expansion, and hold them there, by moving 
the reversing lever into the desired position in its quadrant, when the rams will follow into that 
position and stop there. 

When it is desired to avoid putting down a pumping engine and steam accumulator, a modi- 
fication of the above hydraulic reversing gear is used. In this apparatus a double-acting steam 
cylinder is the moving power, and a similar water cylinder, of one-eighth the area, is ooupleid to it, 
for the purpose of controlling its action, and holding the reversing gear locked stationary in any 
position to which it is shifted, by means of the slide-valve. The water in this cylinder is not undiar 
pressure, but simply holds the piston stationary, when the water is prevented from passing from one 
end of the cylinder to the other, by means of the slide-valve, whicn closes or opens the communi- 
cation between the two ends of the water cylinder. This valve is made double, with one slide on 
each side of the central spindle, so that whichever way the pressure of the water in the locking 
cylinder acts, when the valve is closed, one or other of tiie two slides is always pressed tight on its 
fiace, and effectually prevents any water from passing. This water valve is coupled to the hollow 
piston-valve of the steam cylinder, and the two valves are moved together bv the reversing lever, 
which is centred not upon a fixed point, but upon an intermediate lever taking its motion from 
the weigh-shaft lever of the main engines. The piston rod is connected to the weigh-shaft lever by 
iiide rods, and the action of the apparatus is similar to that of the hydraulic reveniiig gear 
previously described. 

In the hydraulic steering gear, the character of the work to be done in moving the rudder from 
port to starboard, and the reverse, is much the same as in shifting the links of the main engine from 
ahead t6 astern, and therefore the machinery which is effective in the reversing gear suffices also for 
steering. The only additional provisions in hydraulic Bteerine gear that are not wanted in reversing 
gear are, that the power applied to the steering gear should increase in proportion to the angle a^ 
which the rudder is moved over, that under any excessive strain the machinery should give way, 
allowing the rudder then to come amidships, but immediately causing it to return when the extra 
strain is removed, and that whilst the hydraulic steering rams and cylinders are placed aft for 
direct connection to the rudder, the valve for controlling them should be placed on the bridge, and 
worked there under the immediate supervision of the officers of the ship. 

Figs. 1448 to 1450 are of such an arrangement of hydraulic steering gear, connected to the rudder 
post A by the main tiller B, which is keyed upon it. The end of the tiller is turned cylindrical, to 
allow the sliding block to slide radially upon it ; and this block is connected by trunnions to the 
hydraulic rams D D working in the cylinders E E, Fig. 1451, from which separate pipes are carried 
to the admission ports in the slide-valve F that is plaoiod on the bridge. When the main tfller is 
moved in either direction towards its extreme position, the sliding block runs out upon it, and the pro- 
portionate extent of motion or the effective leverage of the rams is increased, until the power over 
the rudder becomes doubled, when the rudder is hard over at 45^ on either side of the mid^htpe 
position. This is an exceedingly useful property of the steering gear, because in steering with the 
rudder amidships on long voyages, the quantity of water used is proportionately reduced. A wire 
cord is carried in each direction from the hydraulic rams to a quadrant G, Fig. 1448, so that any 
motion taking place in the rudder post communicates a similar motion to the quadrant. The object 
of this quadrant is to effect an automatic cut-off by the slide-valve F ; and also to show by means of 
an indicator on deck the exact position of the rudder at all times. 

The steering valve F is shown in section to a larger scale in Fig. 1450. It is three-ported, the two 
end ports J J, leading through the pipes to the hydraulic cylinders astern, while the centre port ia 
the exhaust ; the water from the accumulator enters the valve chest by the port H. Relief valves 
K K are provided in connection with each hydraulic steering cylinder, for the purpose of relieving 
the rudder from any excessive strain, in the event of a heavy sea striking it. These relief valves 
remain shut, so long as tiie strain on the rudder and the hydraulic rams is less than that due to the 
pressure of about 700 lb. an inch, anting on the area of the rams, but the moment any strain on 
the rudder exceeds this pressure by about 80 lb. an inch, the valves open internally, and allow 
the water to flow back into the accumulator, driving the accumulator piston up against a steam 
cushion. In this way, through the rams of the steering gear, the rudder is practically held in 
position at all times by an elastic pressure of steam. 

The self-closing action of the slide-valve is verv similar to that in the hydraulic reversing gear. 
The steering tiller L, Fig. 1448. is fixed upon the shaft N, which passes down from the bridge to Uie 
valve F on the main deck, terminating in a crank at the bottom. This crank by a pin and con- 
necting link works one end of a lever I, Fig. 1451, the other end of which is attached bv a similar 
connecting liuk to a crank pin in the quadrant 6 ; and to the middle of this lever I is jointed the 
slide-valve spindle. If the valve is opened by moving the steering tiller L and the lever I, water is 
at once admitted to one of the steering cylinders and exhausted from the other, causing the rams to 
move the rudder. But as the quadrant O receives motion from the rams by the wire cord, and therefore 
moves through precisely the same angles as the rudder, its crank pin is carried in the oppoeito 
directioin to the crank on the shaft N, and the slide-valve is by that means shut again ; and any 
further movement of the steering tiller L will produce further motion in the rams, with a oorre* 
spending counteracting motion of the quadrant. The slide-valve is also opened immediately by the 
quadrant, whenever £e rudder is driven amidships by the excessive strain of a heavy sea, and it 
tnus gives a double relief to the water at that moment ; but the quadrant closes the valve again oa 
the rudder returning to the position from which it was disturbed. The Bhid% N of the steering 
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tiller has a tubalar casing, which is fixed to the qnadrant below, and is carried up to the top of the 
feteering pedestal, and a pointer P is keyed upon it, which travels over a graduated arc and indicates 
the poeition of the rudder, as in the plan. Fig. 1449. In this way any angle at which Uie steering 
tiller L is placed, will be followed by a corresponding angular position of the rudder, and this is 
indicated at once by the small pointer P. 

The working of this apparatus is perfectly smooth and noiseless, in consequence principally of 
the ciroumstanoe that no cog wheels are employed. Also the slide-valve required is so small, &at 



1448. 




1461. 
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with a steering tiller of 3 ft. in length, it is found so little power is required to move it that a boy 
could easilv steer. 

The hydraulic winch is shown in Figs. 1452 to 1456. Two winding barrels A A, with their breaks, 
are mounted in the frames B B, Fig. 1452, the outer ends of their shafts having warping ends C 
keyed on. The winch is driven by the rams, 3} in. diameter, of three oscillating hydraulic cylin- 
ders D, which act upon the same crank pin. Fig. 1453, and thev receive and exhaust their water 
through the trunnions, hj means of partially balanced cvlindricid slide-valves E, Figs. 1454 to 1456, 
the casing of which remains stationary, whilst the cylindrical valve or plug E, moves with the oscil- 
lation of the cylinder. When this hoist is required to discharge li^ht cargo, such as tea or grain, four 
ropes can be worked out of one hold, the engines constantly running at 80 revolutions a minute,* and 
with barrels and warping ends of 2 feet diameter a discharging speed of 187 ft. a minute is obtained. 

For the purpose of adapting the power of the winch to suit great differences of load, an 
arrangement is made for readily changing the throw of the crank whilst at work. The crank pin 
is fix^ in two discs F, which arc placed eccentrically to the axis of the winch ; and each of these 
discs revolves within a recessed face-plate, fixed upon the winch shaft, and is connected to it by a 
sliding bolt I, Fig. 1453. A series of corresponding holes for the bolts are provided in the two 
discs F, for securing them by the bolts in different positions; the two bolts are withdrawn together 
by a lever, and then pushed in again by spiral springs. For the lightest load the hydraulic 
engine is set at 6 in. stroke ; and when the full 2 ton load is to be rsiised, the sliding bolts aio 
withdrawn, and the eccentric discs allowed to revolve, into the position giving the greatest throw of 
the crank pin, and the bolts are then allowed to drop into the holes. The engine is then at a 
stroke of 18 in., and there are three other intermediate positiu^s of 9 to 12 and 15 in. stroke for 
proportionate loads. In tills way the quantity of water uised is made to ap|)roximate to the work 
done : and as the stroke can be altered whilst the engine is running, no time is lost. 

When raising the heavy loads, the engine does not exceed a speed of 20 revolutions a minute, 
which does not involve any material wear and tear. Gearing is entirely dispensed with in this 
hydraulic winch, in consequence of the high pressure of water used, which gives a moving force of 
3 tons upon each of the three rams acting on a crank of 9 in. radius ; and this affords sufficient 
driving power when attached directly to the winding barrel. Also the entire absence of the noise 
and vibration, so usual where gearing and quick-running steam engines are employed, is not the 
least of the advantages in the hydraulic winco. 
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In ooDDeettoD with either of thew hautB, 
•n^nded ttom the rnoBt fbr pnttinK cargo o 
«jliDdenaDdraiiuA,FiK 1457, «ro attached 
ing a pulley 0, round which a obaia 



hydiaolia 
each Bide of the mast B on deck, each ram carrj- 
its end laatened to the ojlindar, with proritlan 




foi HghtenlnK at D. Tbli ohain pMHt lonnd and U fixed to a pnlle; %, upon the base of tha 
■winginK jib P, and aenea to move the fib round bjp the aotion oT either cylinder alternately. lite 
■dide-TalTa Q adtnitB water to either ejlioder, and la raoved by a lever H, which ii centred at Uw 



any oraft aloogaldeL 

In all the above plant of hydnmlio miehioeir, the pumping engines, tteam sconmnlator, and 
tank are all placed in the engine room. The tank i> chartred with water mixed with methylated 
■piiit, to the itrength Buffldent for realiting tmtt ; or other floidB are emplovad, of which there aia 
aemal ndtable for the pnrpoee. The fluid it led along a preunre main nom the wlnoh fbrtbeat 
aft to the bydranlio engine on the oapetan, with branobea and atop-valvea connecting the diiTemat 
hydraulic machine* ; and it la returned again by an eihanat main into the tank, which ia okaed 
waiar^igbt to pnvent evapcoatlon, one onarge of flnid being thu woihed cootiDDaiulj, Tba 
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peasnie mains toe of wroaght iron, put together with right-*nd-left-handed eorewed coupling 
oozes; one pipe Ib ooned and the other fiaoed flat at the end, so that the joint is drawn together, 
metal and metal, without any packing. 

The hydraolic reversing gear is attached to the main engine frames with the veyersing handle 
at a convenient height from the starting platform. The hydianlio steering cylinders are placed 
aft» and connected by wronght-ircm pipes 
with the slide-valve ; and the steering 
tiller is placed amidships, or on the bridge. 
The hydraulic winches are usually plarad 
on the main deck ; and in the reciprocating 
hoist, the hydraulic rams work through the 
spar deck. 

The advantages of this system of 
hydraulic maehinery on board ship may be 
stated as follows ; — ^The motive power is 
placed in the main engine room, is auto- 
matically started and stopped, and is kept 
under the care of a skilled attendant No 
steam pipes are carried beyond the main 
engine room ; thus avoiding the heating of 
decks, and leaking joints fiiom steam pipes 
carried along the ship, and blowing- 
through of condensed water from steam 
winches on deck. A comparatively great 
speed is obtained in the performance of 
the various work of discnareing cargo, 
steering, roversing, and the like, and wis 
speed is obtained without any gearing, and 
without the attendant noise and vibration, 
and consequently with little wear and tear 
of machinery. 

Figs. 1458 to 1467 illustrate several 
hydraulic machines erected at the Bute 
IJocks, Gardifif^ under the superintendence 
of J. McCk>nnochie. The first hydraulic 
tips for raisins coal waggons from the 
level, to a height sufficient for diachaiging 
them into ships, were erected at the Bute 
Docks in 1858 with timber framing; but 
the later ones are entirebr of iron, Figs. 
1458 to 1461, and are of improved con- 
tion. The cradle A that carries the 
waggon is raised by a vertical hydraulic 

ram B, of 12 in. diameter and 20 ft stroke, and slides in gnides at the four comers ; upon it the 
loaded waggon is raised to the level of the shoot E, Fig. 1459. The centre portion of the 
cradle, witti the rails upon which the waggon rests, forms a tipping frame, being pivoted at 
the front of the cradle; and is tipped with the waggon upon it, as dotted in Fig. 1459 and 
full in Fig. 1460, by means of a second hydraulic cylin<&r D, oelow the cradle and attached to it. 
This cylinder oscillates on trunnions to foUow the motion of the tipping frame, receiving its supply 
of water through one of the trunnions, from the hollow ram B of tne main centre cylinder, llie 
whole working is conveniently managed by a man standing on a side platform F, Fig. 1459, at the 
top of the framing, with the several hydraulic levers close at hand. 

The raising and lowering of the shoot E, Figs. 1459 and 1460, for adjusting its height and 
inclinaticm, are effected by self-acting means, which entirelv dispenses with the hand labour 
requirediin balance tips, and obviates the consequent loss of time. Two short arms are made to 
project from the front of the cradle A, one on each side, under the butt end of the shoot ; and when 
the cradle rises, the shoot is by this means carried up with it to any desired level, and is held 
there by a weighted pawl, foiling into a vertical rack fixed upon the frame on each side of the 
shoot ; or by holding these pawls disengaged from the racks, the shoot can be lowered with the 
cradle to any lower level. The shoot is secured in addition by a safety chain on each side, which 
is fixed in the new poaition by a clip G, Fig. 1458. The two arms that lift the shoot are balanced 
so as to hang vertically, and dear of the shoot when not in use; and when required they are 
thrown into action by pulling a small chain. The point of the shoot is raised or lowered in a 
similar manner, by means of two chains carried over pulleys at the top of the framing, and brought 
down the centre of the fhunin^, one at each side, where they are secured to the frame by cUps at 
the desired level. When requued to be altered, these chains are put upon strong hooks fixed at 
the edge of the cradle, and then by lowering or raising the cradle, the point of the shoot is raised or 
lowered as desired, and the chains are pinned again in the new position by the clips. 

As the South Wales coal is of a brittle character, it is found necessary to take spedal 
precautions for reducing the loss by breakage, that occura in discharging the coal waggons into the 
ships' holds; and for this purpose the anti-breakage crane N, Figs. 1458 and 1459, has been 
applied with great success, and is now in general use. This has a aquare iron bucket P holding 
one ton of coal, made hopper-shaped, with a hinged flap for discharging at the bottom; it is 
suspended from an independent light jib crane N, fixed at one side of the tip frame, and having 
hyaraulic lifting and tnriiing motions. In commencing the loading of a ship, this bucket is flU^ 
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from the iboot, sod then lowered to the bottom of the hold, and emptied bv pnlling up (he bolt 
that ■eoOTM the flap-door ; the proceu being lepested nntU • conical neap or coal ii Ibnned, faigfa 
enoDgh to reach nearly to the hatchway. The ihoot i» then allowed to diacharge treelv, and 
deliTen oloae down upon the heap, bo ai to preTent any breijcage of the coal by a Tortioal drtfi. 
The point of the shoot ia contracted, to check the fidl of the Mai down the incline, so that the 



■boot ia choked np by ooal, and the diachane 

from the point leqnirea a little aitiitaDoe bj 

hand, and la thna kept under oontrol whiM the 

bncl^ ia being Slied. The wbolo proocoa ii 

eflboled with great ekpedition, the diaoharge of 

the bncket in the ahip'a hold being made aelf- 

aetlng, by the bult that reieaaea the flap-door 

being faatened to a chain, which is fixed on deck 

and abortened to the leqnired length aa the filling '*™' 

prooeeds. Theae cranee are alao need with ad- 

vantase for diachBrging ballast or ordinary merchandise, and for filling into mggaas the Hnall 

coal tbat paaaea Ibraugh Ihe soreenB in the ahoota on to the ship's deck. 

The bydmalio haoling engine, Piga. 1462 to 1465, has been introdnoed for the pnrpoae of 
drawing the nsggobi on and off the coal tips, in place of hoiae power, and for tmnlng them 



on Ihe tomtables. It is designed and construoted by Amutrong and Co., and oonsiits of ft 
hydraulic eogioe with a paii of donbla-acting oecillating cyliadeTS A A, workiOtt right^ngled 
cranks npon a shaft, to whioh a cnpped chain-wheel B can be coupled by a clutch 0. The 
chain bv which the waegoos are hBnled fHssea over thi« wheel, iuto the grooTs of which It la 
proBSod by a pair of guide nillerB U D ; Hud the fall of tho chain is piled down Dpon the floor of the 
pit E. The entire engine, with the chain wheel and gnide rollera, b fiied on the nnder ride of a 
cast-iron bed plate F, which is flush with the gmnnd when the maohiDe i« in nse; bot it ia 
monnted on trnnnions G G, so that it can be tamed up when required for eiaminatiou or repair, aa 
•hown in Fig. 1165. By this arrangement the rize of the pit required for containing the machine, 
and tbe cost of foundations, are much reduced. The pressure water is sapplied to the engine at 
one of the bed-plate trunnions, and the exhaost water conveyed away from tbe other. Tlie Talvs 
for the admission and eihanit of tbe water to each oacillating cylinder, is placed in one of the 
tnmniou of the cylinder, and is worked by the oscillation ; the lidTeB are arranged so that they 
Cftn be n*dily remorod for examination or repair. The machhie is worked by a single hand- 
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lever B, wtuch thiowa the clntch C of the chain wheel into ge&r, end nt the same time turns on tlie 
WBlec presBure to the cjlindera by opening the stop-fulie K, Pig. I46S ; the lover is held back bj a 
catch in the bed plate when out of action, and the chain wheel la then free to torn upon the ihaA 
•ud the chain eaa be drawn out. For Et&tting the machine, the lever ia relcoaed from the catch, 
and ■« then pressed home by a apring J, Pig. 1461 ; but it is coQlrolled b; band by the attendant 
BO aa to atart the macliine gradnatly, withoot any audden match upon the hauling chain. This 
hauling engine haa proved very mtwaclory and emdeiit in working. 



For eipeditionalv diaobai^iiig or loading ships with grain or general Mrgoes, a eepamte crane 
lor each hatchway la very desirable; but owing to the varying dislanocB between balchwayi in 
diHerent veMels, fixed cnnas cannot he adapted to the dTcumstances ; and it oocnrred to 
J, HoOomiocbie to meet this difficulty, and still utilize hydraulic power, by employiug portable 
oranea that oonld be placed in any required poeition alongside the ships. Pigs. H(!6(o 1468 are of a 
porteble bydraulio crane, that can be traversed upon a line of railway parallel to the dock wall, 
and is supplied with water pressure bv means of a aeries of hydrants, placed 20 ft. apart along the 
dockwall,sothat by jointed wrought-iroQ pipes and a union joint, the power can be supplied ta the 
cranes within 10 ft. distance, in any position. The details were worked out and the crane 
constructed by Armstrong and Co. ; it is sioiilar in construction to the hydraulic eranes in gf^neral 
use, the lifting cylinder and tackle beiug placed within the wronght-iion pillar A of the crane, 
which revolves in the centre of a plutfonn D, that is mounted on four carrying wheels travelling on 
the line of railway. When the crane is in use, the platform is steadied by a screwed resting 
block B at each comer, and is held down to the rails by clamps ; a cast-iron oounlerweight B u 
fixed to the back of the pillar A, to oounterhalanoe partially the load lifted by the crane, and 
reduce the strain upon the clamps. The turning machinery is fixed on the platform U, which is 
headed in with wood, and a house is formed at one end for tbe man working the crane. Two of 
these cranes, each to lift 46 ewt., and a smaller one to lift 27 cwt, are in use at tbe Bnte Docks, 
and they have proved very serviceable and BBtiBfactory in work, and sxe very effloient in 
discharging a sblp quickly, by working at both hatchways at the same time. 

The motive power for working the liydranlic machinery at the Bute Docks consists of two pairs 
of engines with cylinders 16 in. diameter and 20 in. stroke, working direct four toroe-ppmpa 4} in. 
diameter, which supply three accumulatore ; two of these are placed oontignous Ui tbe engine 
house, and are weighted wiUi 70 tons of gravel suapended on rams 17 in. diameter, giving a 
presanre of 700 lb. a square in, ; the third is placed at a distance of three-quarters ol a mile, 
and is weighted with 100 tons of gravel snspeaded on a ram 20 in. diameter, giving the same 
pressnie of water. The engines are supplied by four boilers. 25 fl. long and 5 ft 6 in. diameter, 
three of which are always kept at work, while the fourth can be used in cose of accident or when 
the others require cleaning. Each pair of engnes is capable of working up to 40 horse-power 
with a boiler pressare of ffl) lb. a square in. The pressure pipes in connection with the various 
machines, extend apw^da of three miles, and vary from 3 in. to 5 in. diameter along the mains. 

Until late years hydraulic power was used only for very slow direct action ; and in packing 
presses for goods, the motion was so alow as hardly to be perceptible to the eye, requiring ten to 
twelve minutes to raise the ram of the press 3J to 4^ ft., wblob can now be acoomplished in lees than 
half a minute. When Boberl Wilson proposed tn apply direct-acting hydraulic power to the presses 
used for packing cotton in India, it was considcriid quite unsuitable for presses with » rise of ram 
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of 12 fU, as it VM genentUT thought that this riw could not be obtained in len than fifteen to tvoitj 
minutes, which wonld on); allow of three balee at moat being tamed oat an hour, giring na 
advantijj^ over the band-pisMea at that time genaall; tued la tlie ootton disHicti la India. 



n box 13| ft. long by II 
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nm of I2n., md oapftble of compHwring 3j owt of ootloD intoSonb. fL In the press, with a 
The repOTt rec ' ' ' " " ■ -■■- - -. 

UK tbkt twelve bklei oodM be tnmc 
taaa one minute. TliU ramlt wu obtained throng the medium of the horizontal 
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laeoQld be 
np In little m 

direot-Kuting high and low-presnire pnmpinK eogineB oonatruoted in pain, similar to those already 
illostnted at p. 1416 of this Diotiofury, with ojiindera 20 in. in diameter and 24 in. stroke, each 
pair working four direct«ctlng pmnps, the loir-preaBure engioee pomping water ap to a preBtore 
of 1680 lb. or ) ton a sq. in., and the bigh-preoEure ones up to a preaaure of 3 Ions a eq. in. ; this 
differeoce was brouglit about bj making the pump rams of the low-preaanre engines four tunes 
the area or tho«e ot the high-preeaore. The mode of working was as follaws ; — in starting the 
press, the resistance of the cotton being then slight, both high and low-prennre engines were set to 
work, so as to mn np the press as qiucklj as passible ; when the rcaistanoe of the eotton cotmter- 
balanoed the low-preasure engines, these sti^ped of their own socord, and the high-presBure 
engines finished the bale. 

Another press was afterwards ootutructed with three 9-inch rams, and of similar slie and 
power to the first hydranlio presses. The object of this second plan was to obtain with only 
one pair of engines a resnlt similar to that pierionsly got with the two pairs and thereby to 
Bare the expensea of one entire pur of engines, namely the low-pressure pair, for every four 
presses. The method of working the three-oylinder press is as follows; — the water from the 
pumps is admitted at first into the oentre cyliuder only, thus talsiDg the follower together 
with the two ontaide rams which are attacLed to it, the two ontside cylinders, as their lams 
rise, being supplied with water by gravity from the supply tank, to fill np tbe space left by the 
rising rams. When the resistance balances the pressure of the oentre ram, the water &om tho 
pomps is admitti.-d to the two outside cylinders, thus exerting the preasnre of the three rams to 
finish the bale. 

These presses were made much larger and stronger than formerly, and weighed 40 ttms 
each, the eotton box being inoreaaed in height to 1 4| ft. or even IS Jl. The introduction of 
steel cylinders led to tbe alteration of many of the old three-oylinder presses with 9-lnah rams, 
the 9-u>oh cylindeis and rams being repUced with 10-inch steel cylinders and rams to correspond. 
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thns guning 23 per cent more power. The old two-oylinder presses with 11-inoh raras were 
also many of them altered to three-cylinder presses with steel oyllndeis and 11-inch nuns, so as 
to obtftin tbe extra cylinder for economv, and also to obtain 50 per cent, more power. 

Greftlerpowermayaleo be obtained by means of an auxiliary pressor ftniaher, Figs. 1469 to 1471, 
of great power, but only of short range. This press, Qtteil with two 2I-ineh lams, and capable of 
exerting a preasure of above 2000 tons, is worked in conjunction witb the old prcMes, in which the 



factoiy, OS the ahai 
meat ib not bo good. 

To obTiale this objecUoii tho cotnpontid preas, 
Figi. 1472 to 1474, haa been deeigned, b; ohicb tbe 
bale can be finiahcd to the iixe required, without 
bemg removed from the preee. Pig. 1472 la a ver- 
tical section. Fig. 1473 a section at X X, and Fig. 
1474 at Y Y. Tho prelirainBty ptea»are is given to 
the cotton throngh a ram of 11 In. diameter, wl.ich 
fbrcai the bottnin rollover F upwoids to vithin 5 or 
6 in. of tbe iiie of bale required. The bottom fol- 
lower caniei with it, wbiJst rising, tno side pillari 
' or inpport^ which are locked as soon as it reoclie* 



e made in this manner however a. 

square as when Sniahed in one pre«i, and oonseqnentl; the in 



whicb now finish the bale from the top, working 
downwards, and exerting a pressure npon it of ITOO 
tons. The bale produoed bj this press, although not 
subjected to as great a preosure as when made by 
the auxiliary flniBLer, meiisuree equally umall in con- 
sequence of its tictter shape. 

Tbe presses in India have had, on scrount of their 
heigbt, to be placed in two-stoHud buildings, which 
were a great expense, especially up country. To 
obviate this, a horizontal press has been desigtied 
by R. Wilson, based upon tlie result of Dameroos 
experiments, from whicb It has been found that the 
prossnre required to aompreaa cotton, jute, and the 
libe, into half tlieit natuml bulk, is very slight, being 
only ab<iut 3 to 4 lb. a iq. in. of surface eipo^ 
to the pressure. The horizontal preaa, of wbich Fig. 
1475 is a longitudioal section, Fig. 147G a Imlf plan, 
and Figs. 1477, 1478, sections on X X and Y Y re- 
spectively of Fig. 1476, is fitted with tiitee rams, the 
centre one being 9 in. diameter and tlie two out- 
side ones BR each 14 in. diameter. The box B, in 
which the cotton or other fibre is placed, is rednced 
to half the ordinary length, and increased to doable 
tbe depth. A. plate P descending by its own weight 
compresses the fibre in the box into half its original 
bulk, and having done so, forms the appei sioe of 
the box, and is sucuiod in its place by locking bolts 
L. Horizontal compression is then given endways, 
Btst by the centre one of tbe three rams, until tbe 
resistance counterbalances it, after which the com- 

Sresaton is given by all three rams. The bale when 
nished drops through a tiap-door D at tbe bottom 
of the box npon a truck, and is removed slong a 
tram or roadway. This press weigbs 47 tons, and 
is capabtH of exerting a pressure of 1100 tons. 

Naturally, as the pressos increased in size tbe 
engines for supplying tbem witb water were in- 
creased likewise; but they were of a similar type to 
those first employed, nntil tbe introduction of the 
compound prose, when a very great improvement 
was cfiocted by Wilson, by increasing the nomber 
of direct-acting pumpe from foor, that is, one at each 
ond of tbe piston rods of the pair of engine*, to twelve, 
the efibetivo number in operation at any time being 
reduced rs required to overcome tbe increase oF 
resistance in the press. The twelve pumps are all 
the same size as the four formerly need, and are 
worked as follows. At tbe commencement of tbe 
operations, the pressure being slight, all twelve 
pumps are set to work nntil the resistance becomes , 
too great, when one set of four namps is relieved, ' 

by opening a valve at the distribolion box of the ' ^vfj 

press, which allows the water to flow, without prea- N]f^ 

sure, back into tho tank from whith it wus drawn. 
The pumps now deliver lets water at a higher pressure, n 

press again coanterbalances the power of the pumpa ; foui , „ „„_ ,^ 

and the engine with its remaining four pomps and full pressure of water finishes the hsde. 
The moat usual method of forcing water into the cylinders of cotton and oUiei 
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torae pnmpi o^ CMnparatlTely ipeaklag:, Bnutll atroke and diameter of plunger, dtiven by 
ind mn at a ocnufderable nnmber of Btrotcee a loinnte. Under those ^nmrnBtaiice*, 
TM>t munbet of pnmpa are naed, the nte of travel of tbe pram ram to extremet; dow, not- 
ing that tbe number of Btroke* of the pomp plungers to comparativelj great ; and thna 
for ereiy nugle Bti^ of tbe pnoa there an often aome hundreda of beats of the pnmp valTea on 




thefi leata, and In anueqnenoe a difflcnlty in keepiDgtbem tight : in aome of tbe beet ezamplea 
tbe namber of beats is lODO to 1200 a bale pieBsed. With thU 8;«tem tbare to mnoh Ices of Dsefal 
efleot from friction of parts ; and, while a oonaiderabla oost in uaiiilenance to involved, owing to 
tbe wear and tear of tbe geariDg, ml; a very sbw speed in working the preasea la oUained. 




onaeqaent rei 
ed. Many a1 



Tbe desirability of aabttitnting some u 
in the nnmber of working parts in motion, has been for some time recognized. , , . 
have been made to overcome the defeats above allnded to. Some engiDeers have nsed accnmn- 
lators, adding sometimes an intensifying arrangement, bo that tbe pnmp valves are never subjected 
-itVio™ Kd iiiiinA< A\m^^t-i,nHn,r Qj^pjiee wiUi pumps of a larger t^zG, avoid 



eating mared pni 
tbe atrokei and h; 



.. . , .a the objecliona referred to, and in addition 

enanrea Ibrthei economy in speed and ooBt of working. 

Fig. 1479 Ulnstratea the action of the preerore-intenEifying sppamtos in connection with an 
ordinary bydmnlio press. The working stroke of the press itself, which to not shown, may be 
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diYided for the aake of illiutration into six eqtfal parts. It is sssamed that the most intense 
pressure is required during the last one-sixth part A and B are two steam oylinders fitted with 




1478. 



UTT. 











«i*^ 






5 to 1 ; and the combined onbio capacity of these plungers is assumed to be at least equal 
to that required for a full stroke of the press ram, a certain margin being added to make up for 
leakage. It is clear therefore that tlie lifting ram of the press worked by wis pumping apparatus 
will rise five-sixths of its lift with one stroke of the plunger G, and that one stroke of the plunger 
H will complete the remaining one-sixth. The sizes of the sti^am pistons E and F being equal, 
if the pressure of steam be the same on both, the pressure per sq. in. on the water in the press 
will be five times greater when the piston F is forcing water in than it will be when the piston E 
is acting. 

Now assuming the pistons E and F to be home at the back ends of their cylinders, as in 
Fig. 1479, and the press rsm alM> to be at the bottom of its cylinder, it is evident that, if 
the pipes B and the hydraulic cylinders C and D are filled with water or other fluid practically 

1479. 








incompressible, any movements of the pistons E and F will move the press ram ; and again, sup- 
posing that this ram, either by gravity or other means, is caused to return to the bottom of its 
cylinder, it is clear that the pistons £ and F will also return to their former positions ; therefore 
no inlet or outlet valves whatever are required, the same water being forced forwards and backwards 
between the press ram and the plungers G and H. The admission of steam to the pistons on the 
one himd, and the weight of the press ram and platen on the other, when the steam is exhausted, 
acting through the interposed water as a connection, produce the same efiect as if the pistons and 
press ram were mechanically connected together by a rigid coupling. 

Fig. 1480 is of a pressure-intensifying apparatus and cotton press in elevation, and Fig. 1479 the 
same in part sectional plan. Fig. 1481 is a section of the valves P to U, and Fig. 1482 of the valve O. 

The two steam cylinders are laid alongside of each other ; they may be placed horizontally or 
vertically, but are preferably placed at a sufficient angle, to cause the pistons and plungers to move 
resdily towards the outer enas of their respective cylinders, when the steam is exhausted. 

Before commencing to press the bales, steam from the boiler is admitted into the cylinder Bw 
Fig. 1479, by opening the valve P ; this drives the piston F, and consequently the plunger H, to 
the other or front end of the cylinder, thus raising the press rams 8 8, Fig. 1480, through a corre> 
spending portion of their stroke. This is however only a preliminary stroke for the purpose of 
beating the cylinder, and enabling the steam Just delivered at the back of the piston F, to be trans* 
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tbned to the other tide of It. Thia ii done bj oloBiDg the presmue ndva P, uid opening the 
eqaUibritUD Tftlve Q, tbiODgh whioh the steam io the cylinder passea into the pipe M ; u it cannot 
get put the olceed inlet tbItb T on the nf liuder A, it passcA up the pipe M to the front nde of the 
piitoD F, whicli, pertl; b; ita own weight and paitlj bj the preaenre due to the press raniB 8 B 
and their platen, tiwifinitled through the water in the prcM ojliodert ud pipM, Ktonu to the 



outer end of the cylinder B. : 
the press, the ateain which hai tl 

Eiston F, ia allowed to enter the cylinder A by means of the ratve T, and tbos drive the larger 
ydraulio plunger O forwurdi. This ii done by opening tho vutvo T, when the Btetun pauses from 
the cylinder B into the cylinder A, drivlDg the piaton E, and conaequently ita plonger O, forward 
until tbo preasure in the two alcani ojUnduiv ia in 
equilibrium, which of conrae ii the caae when the 
reaistance oppoeed by the preaaore on the plunger O, 
ia equal Io the prcAsora of steaui on ita piaton £. 
As Boon as the preasure of aleam in the cytiodeni A 
and B ia eqnal, the lalve T fslls by ita own weight; 
and the tbItc F being opened, fmuk atcam from the 
boiler ia admitted to Uie back of tbe piaton F, driving 
forwud the smaUer plunger H, any steam on the 
front aide of thia piston being eiliansted direct into 
the atmoephere. The increased presBoie doe to the 
smaller plunger closes the olaok O, Flg& 1 480, 14S2, 
which acta as an intermediate obeok valve between 
the two water pnwures; and thus the flnishing 
presmie ia given to the bale, or whatever may be 
ID the press, and if neeeaaarj is maintained for any 
deedred lenetb of time. 

Thta volnroe of ateom last admitted, aft^r being 
transrened to the front side of tbe piaton F, fomiehee the ateam required for the earli^ part of 
the next stroke of the press, which, a« berora, is done by the plnnger O. The preae ram being 
now raiaed to the height required, the t^uilibrinm valve Q ia opened, and the steam at the back of 
the piston F is transferred to tbe front of it, as before described ; the exhaust valve U and tbe 
olaok valve O are also opened at the same time, and the steam in the cyliodet A is eiljansted; 
tbe pistons B and F are then in poeitioa ready to oommenee tbo next pressing operation. The 
valves are all wurked by one man by means of rookmg abafta, and auitabte mf ana are provided to 
prevent tbo pistons E and F from oomin^; into oontaot with the ends of tliejr cylinders. 

Tlie cotton press itself has two cylinders with the rams S B working npwarJs, Fig. 1180 ; these 
raise a crosahead, to which are attached strong wroagbt-iron linka carryios the following table or 
platen ; the caating on which the cylindeis rest forms the top pUleo, and the water being forced 
into the cylinders raises the lower platen on wliioh is placed the cottOD bale, and oompreasee tbe 
latter to tbe required density. • 

The steam cylinders are each 5G in. diameter; the pressure of steam used ia SO lb. a eq. 
io.; the area of each piston being 24C3 sq. in., this nnltiplied by 80 gives 197,010 lb. total 
pteesoru on ooe piston. The smaller liydtanlie plunger is 9( in. diameter or 74'CG sq. in. area: 

Jff7 040 
and — . fr vr = 26i0 lb. a sq- ia. as the pressure on the plunger. The press hat two rams, each 
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22 in. dtuneter, (he oolleotive mm of wbicli = 7G0 tq. Id. ; and 760 tq. In. x 2G40 lb. ft aq. indi 
= 2,006,400 lb. or 89S toua tolil preMore on Uir bsle, with 80 lb. ft sq. in. »t«ain prewmre in the 
boiler. With a pretmro of 3 lb. a aq. in. in the tteBm cjliador ftll the weight and frictkm of 

Eirta are oTemnne ; and since each lb. a eq. iach of Bteam praiBore lepreeeuts a total pre«*nre of 
00G.4O0 -t- 80 — 20,080 lb. on the press rams, the total frictional t«sUtanG«B atnoont to tmlj 
75,240 lb., or aa; 35 tons appoiimatel;. Dedncting ihh from the total pruaaare of 695 tona, tliere 
remains 860 tons total effective! pressure on the bale. It mnit not be forgotten moieover, that a 
part of the dead noighl ralBed u utilized in retaining the pistotta ftnd rams, after each preaaiog 

Fig, H83 ia of the packing emplo^ for the rama, Fig. 1469; Fig. 1484, that of the toprama, 
Fig. 1472. 

The dnmbilit; of aonp-leatlier depends entire! j on how it is applied. Intbenseof onp-lentiiers, 
for qnick-mnning hydraulic pnmuing engines working under ounslderable pressure, H. Davey 
statdB that as eonunonl; applied toe oup-leathert give way very soon ; and on inTeatigation he has 

1483. lint. net. I4e«. liH. 



funnd that this ftrisM from a fpringing or bneUing action whioli takes place to the leather, from ita 
not being properly supported. At first it was the oiutom to drop the leather into the recess^ as in 
Fig. 14M, and support it ondeniealh with a little ring or filling piece A, tometimee oif wood and 
•ODteliioea of cast iron or of brass, roondod to fit the ineide of the leatber. It wa» fomid that ^e 
leftthers iuTariably gave way about the point B, and it appeared to Davey that they gave way 
there from a bnckling action ; during the upstroke of the ram the leather would be forced hard 
against it by the pressore until tlie top of the stroke was reached, and then on 
the reversal of the stroke until the ram bad received a little motion the leather itM. 

would be stretched io tbe opposite diruction. By putting a brass bush or saddle 
C, Fig. 1487, onder tbe leatber so as to support it ^ectually imdemeatti, turning 
tbe nddle exactly to fit the leather, the leathers will last three or four timee as 
long. Another point which cvntribntes to the life of the leather is to pro- 
Tide a Tery long bearing for the ram in tbe cylinder at D, Fig. 1488, Immediately 
below tiie leather. When thus put in with a more aceurate support, the leathers 
lust three or four times as losg as they formerly did, when uot supported accn- 

With respect to the material of which packing rioss should be made. It appeara 
that for low preasurea, and with clean water and Wtll bored cylindera, leaUier is 
a good and durable material, and inatanoea are on record where leathers have 
been at work for mors than two year*, under a prasnre of 750 lb. to tlie eqoare 
inch ; but if used with dirty water leathers will bood wear out. Welch aud 
Tweddle have made a number of eiperimenta with packing ringi siiaped iu the 
aame IT form as cup-lc«thers, but made of various kinds or materials, including 
vulcanized icdiambber, gnttapercha, and leather. The results showed tbat india- 
rubber adhered to tbe nuo and was torn to pieces in a few minutes ; gnttapercha 
did not adhere, and lasted fairly well to abont one-fifth of the time that leather 
would, and had the advantage thnt wbeu worn out it could be remoulded, for 
it la only necessary to put it into boiling water, add more guttapercha, and then 
iDonld it into a fresh nng. With these guttapercha rings they uad had a very 
onrions experience. The exterior of tbe ring bad at first been moulded with full equare eomeim 
at F F in Fig. 1485, while tbe interior was shaped so that the edgd bearing agauial the ram 
was nearly twice as thick as the Inner edge. When these rings were put into the hydranlie 
DiHchinea, although tbey were a guod fit they were not tieht; they leaked, sntficiently to show 
that thev were not acting on the principle on which lipped rings were supposed to act These 
identical rings were then taken out, pat In a lathe and roaiiaed at the comers ; and aa aoeai 
as that was done thcT were perfectly tight ; showing that for a ring to work at the beat advantage 
it mutt be free from tne ram at tboae corners. This would also show that the tlghtneas of the ring 
did not depend upon the direct pressure of the water behind it forciog it out laterally egaitut the 
lam, but npon the pieaaore acting radially to the curve, and resolved into a direction tending to 
straighten ont tbe semicii«a1ar curve of the bottom of tlie ring, and so giving a tbrutt in the latnid 
direction against tbe ram, as further Ihown by the bet that the wear took place only at tbe point Q 
next to the ram. A gun-metal liner J had also been made to fit exactly to the ahape of the indde 
of the ting : and there were a series of holea drilled right into the nwt of this liner to admit 
tbe water well into the interior of the ring. This, however, was not found to toake a very great 
differonoe, because even witliout these holes the ring would never fit so tight upon the luitr J, 
but the waler would paM in behind it. As to the leather rings, tbe great defect in many of tba 
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aeotions employed had been found to be that pointed ont by Wilson, namely, that they were made 
much too deep ; it ia remarkable how ahaJlow a ring will work with perfect sucoesa. From a large 
number of experiments Welch has deduced the following formulte, which give what he has found 
to be the best proportions for leather packing rings ; — 

T = 0-156R»»'», D = 2-5T, W = D; 

in which B = diameter of ram, T = thickness of leather, D = total depth of ring, W = width of 
ring outside when of U section. It was absolutely necessary that leather rings should not be 
strained in the moulding; and Welch found that it was the straining of them, by moulding 
them too much at one effort, which totally damaged the leather so that it was liable to 
crack soon afterwards, and to have no durability. He found it necessary to make a series of 
moulding boxes of successively increasing depth, and to mould the rings by gradual steps ; wheu 
they passed through the whole series of moulding boxes, much better and more permanent leathers 
were obtained, and the extra time expended on the mouldings was as nothing when compared 
with the extra duration of the rings. Ultimately, however, he had entirely done away with the cup- 
leather rings, and had adopted hemp pa<^ing instead, and he used nothing else now. The hemp 
packing he had used up to a pressure of one ton a sq. in., and it was found to be perfectly tight. 
He had hemp packing which nad been at work for a year without being replenished at all, and 
there was as yet no sien of leaking. 

With regard to the breadth of the packing leathers, Wilson has found a great breadth was so much 
agninst the power of the leather to withstand crushing, and the leather is liable to crack Bud break 
wherever it becomes at all cruvhed, therefore he considers tiiat the narrower the leather is the 
better, so long as it is water-tight A br^tdth of only f or } inch, as shown -jSyth scale in 
Fig. 1483, he has found will secure the tightness of the leather quite as effectually as if it were 
an inch broad. The narrower the leather was, the Idnger it lasted, because the leather was pressed 
against the ram with the full pressure of the water behind it ; so that the broader the leather was, 
the greater was the total amount of friction to be overcome, and consequently the force tending 
to^ crush tlie leather longitudinally was proportionally greater, and caused it to be crushed by the 
friction of the ram. Hence he had had rams covered with gun-metal, whereby less friction was 
occasioned, because the gun-metal surfuce was smoother ; and by that means economy was obtained 
in the leather, for where one leather working against a cast-iron ram would be destroyed in a 
few days, another working on gun-metal would last for months. That was a matter of great 
importance in the rams. At the bottom, for a length of about 3 ft. from the end, where the heavy 
pressure came on, they were all covered with gun-metal and highly polished, whereby the wear 
and tear of the leatlier was much reduced. 

HYDROGEOLOGY. 

The study of the water-bearing capabilities of various strata is essential to the engineer who 
has to solve questions relating to the drainage of mines and the sinking of shafts for winning 
minerals, or for the execution of tunnels, or the supply of water from depths below ground ; 
its object is to group together a number of observed geological facts appertaining to a particular 
district and consider them for engineering purposes. Water exists in all water-bearing strata in 
certain forms and positions, and subject to a variation in height, due to the influence of tbe seasons, 
and upon a consideration of these Questions depend nil our calculations relating to the depths of 
wells and the methods to be adopted in dealing with large beds of underground water. 

Neorlv every civil engineer is familiar with the fact that certain porous soils, such as sand or 
gravel, absorb water with rapidity, and that the ground composed of them soon dries up after 
showers. If a shaft be sunk in such soils, we often penetrate to considerable depths before we meet 
with water ; but this is usually found on our approaching some lower piirt bf the porous formation 
where it rests on an impervious bed ; for here the water, unable to make its way downwards in a 
direct line, accumulates as in a reservoir, and is ready to ooze out into any opening which ma^ be 
made, in the same manner as we see the salt water filtrate into and fill any hollow which we dig in 
the sands of the shore at low tide. A spring, then, is the lowest point or lip of an underground 
reservoir of water in the stratification. 

The transmission of water through a porous medium being so rapid, we may easily understand 
why springs are thrown out on the side of a hill, where the upper set of strata consist of chalk, sand, 
and other permeable substances, while those lying beneath are composed of clay or other retentive 
soils. The only difiSculty, indeed, is to explain why the water does not ooze out everywhere along 
the line of junction of the two formations so as to form one continuous land-soak, instead of a few 
springs only, and these oftentimes far distant from each other. The principal cause of such a 
concentration of the waters at a few points is, first the existence of inequalities m the upper surface 
of the impermeable stratum, which lead the water, as valleys do on the external surface of a country, 
into c(*rtain low levels and channels : and secondly, the frequency of rents and fissures, which act 
as natural drains. That the generality of springs owe their supply to the atmosphere is evident 
from this, that they vary in the different seosons of the ydar, becoming languid or entirely ceasing 
to fiow after long droughts, and being again replenished after a continuance of rain. Many of 
them are probably indebted for the constancy and uniformity of their volume, to the great extent of 
the subterranean reservoirs with which they communicate, and the time reouired for these to empty 
themselves by percolation. Such a gradual and regulated discharge is exhibited, thongh in a less 
perfect degree, in oil great lakes, for these are not sensibly affected in their levels by a sudden 
shower, but are only slightly raised, and their channels of efflux, instead of being swollen suddenly 
like the bed of a torrent carry off the surplus water gradually. 

As instiinces of the way m which the character of the strata may influence the water-bearing 
capacity of any given locality, we give the following examples ;— -Fig. 1489 illustrates the cauttes 
which sometimes conduce to a limited supply of water in artesian wells. Rain descending on the 
outcrop £ F of the porous stratum A, whicn lies between the impervious stratum B B, will make its 
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_j Ihe aroi EF, whichreoBiTeathB rainfftll, islimited ic _- ,— - — 

ot the aboTs deooiiptioD, would not be likely ta fomieh & laree sappl; of water, if any. The effect 
of a &iilt u ahowD in Tig, 1490. A ipnog will in all probability make its appeuanoe at the point 
8, and give large qakutitiea of water, m tho whole body of water Sowiiig through the ponnu atrata 



A ia intercepted by being thrown againat the impcnDe*b1e stratum B. Pennsabla rock interaeoted 
by a dyke and ovarlyine an impermeable atratom is seen in Fig. 1491. The water flawing throngb 
A, if intersected by a dyke D, wilt appear at B in the form of a spring, and if the area of A is of 
large oilent, then the spring 8 will be very copious. As to the ilepui Decenary to bore oerlain 
wells, in a case iiimilar lu Pit;. 1492, owing to the fanit, a well snuk at A would re<)nire to be annk 
deeper ttian tho well B, although both wella derire their supply from tlie same dcacnption of atrala ; 
or if there is a murent of water only in one direction, then one of the wella wonld prore a failnre 
owing to the proximity of the faolt, while the other wonld fnmi^ on abundant supply of water. 




It should be bone in mind that there are two primary geological conditions npon which 
Uie qosutitjof water Ihat may be aapplied to the water-bearing strata dmnds; they ai«, the 
extent of snperflcial area presented bv these depodta, by which the quantity <^ rain-water roceircd 
on their surface in an; given time ia aelermiaea ; and the character and thickneaa of the atrsta>, a* 
by this the proportion of water that can be abaorbed, and the quantity which the whole rolnme of 



the ponneable strata can tnmKnit, ia n^nlated. The opention of tbeee general principle* will 
coostantly Tarj in aecordanoe with local pheDomena, all of which must, in each separate caae, be 
taken into consideration. 

The tnere distance of hills or tnountains need not diaconrage us ftom making triali ; for the 
waton whieh &1I on these higher lands readily penetrate to great depths through highly inclined 
or vertical atrata, or throngb the flssoresof t^atteted rooks; aod after flowing fraa gre*t di 
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must leafloend and be brought up again by other fiBsnieB, so as to approach the surface iu the lower 
country. Here they may be concealed beneath a covering of undisturbed horizontul beds, which it 
may be necessary to pierce iu order fo reach them. Tne course of water flowing underground is 
not strictly analogous to that of rivers on the surface, there being, in the one case, a constant descent 
from a higher to a lower level from the source of the stream to the sea ; whereas, in the other, 
the water may at one time sink far below the level of the oceaU| and afterwards rise again high 
above it. 

For the purposes under consideration, we may range the various strata of which the outer crust 
of the earth is composed under four heads, namely : 1, drift ; 2, alluvion ; 3, the tertiary and 
secondary beds, oompoeed of loose, arenaceous and permeable strata, impervious, argillaceous and 
marly stnita, and thick strata of compact rock, more or less broken up by fissures, as the Norwich 
red and coralline crag, the Molasse sandstones, the Bagshot sands, the London clay, and the Woolwich 
beds, in the tertiary division ; and the chalk, chalk marl, gault, the greensauds, the Wealden clay, 
and the Hastings sand ; the oolites, the lias, the Bliaetic lx.'ds, and Keuper, and the new red sand- 
stone, in the secondary division ; and 4, the primary beds, as the mngnesian limestone, the lower 
red sand, and the ooal measures, which consibt mainly of alternating beds of sandstones and shales 
with coal. 

The first of these diviaions, the drift, consisting mainlv of sand and gravel, having been formed 
by the action of flowing water, is very irregular in thickness, and exists frequently in detached 
masses. This irregularity is dne to the inequalities of the surface at the period when the dritt was 
brought down. Hollows then existing would often be filled up, wliile either none was deposited un 
level surfaces, or, if deposited, was subseqnently removed by denudation. Hence we cannot infer, 
when boring through deposits of this character, that the same, or nearly the same, thickness will be 
found at even a few yards distance. In valleys this deposit may exist to a great depth ; tlie slopes 
of hills are frequently covered with drift, which has either been arrested by the elevated surface, or 
brought dovm from the upper portions of that surface by the action of rain. In the former case 
the deposits will probably consist of gravel, and in the latter, of the same elements as the hill 
itself. 

The permeability of such beds will, of conrse, depend wholly upon the nature of the deposit. 
Some rocks produce deposits through which water percolates readily, while others allow a passage 
only through such fissures as may exist. Sand and gravel constitute an extremely absorbent 
medium, while an argillaceous deposit may be wholly impervious. In mountainous districts 
springs may often be found in the drift ; their existence in such formations will, however, depend 
upon the position and character of the rook strata ; thus, if the drift cover an elevated and exten- 
sive slope of a nature similar to that of the rocks by which it is formed, springs due to infiltration 
through this covering will certainly exist near the foot of the slope. Upon the opposite slope, the 
small spaces which exist between the different beds of rock receive these infiltrations directly, and 
serve to completely drain the deposit which, in the former case, is, on the contrary, saturated with 
water. If, however, the foliations or the joints of the rocks afford no issue to the water, whether 
such a circumstance be due to the diaracter of their formation, or to the stopping up of the issues 
by the drift itself, these results will not be produced. 

It will be obvious how, in this way, by passing under a mass of drift, the water descending from 
the top of hill slopes reappears at their foot in the form of springs. If now we suppose these issues 
stopped, or covered by an impervious stratum of great thickness, and this stratum pierced by a boring, 
the water will ascend through this new outlet to a level above that of its original issue, in virtue 
t>f the head of water, measured from the points at which the infiltration takes place, to the point in 
which it is struck bv the boring. 

AUuyion, like arifk, consists of fragments of various strata carried away and deposited by 
flowing water ; it differs from the latter only in being more extensive and regular, and, generally, 
in being composed of elements brought from a great distance, and having no analogy with the 
strata with wnich it is in contact. Usually it consists of sand, gravel, rolled pebbles, marls or 
clays. The older deposits often occupy very elevated districts, which they overlie throughout a 
large extent of surface. At the period when the large rivers were formed, the valleys were filled 
up with alluvial deposits, which at the present day are covered by vegetable soil, and a rich growth 
of plants, through which the water percolates more slowly than formerly. The permeability of these 
deposits allows the water to flow away subterraneously to a great distance from the points at which 
it enters. Springs are common in the alluvion, and, more frequently than in the case of drift, they 
can be founa by boring. As the surface, which is covered by the deposit, is extensive, the water 
circulates from a distence through permeable strata often overlaid by others that are impervious. 
If at a considerable distance from the points of infiltration, and at a lower level, a boring be put 
down, the water will ascend in the bore-hole in virtue of its tendency to place itself in equilibrium. 
Where the country is open and uninhabited, the water from shallow wells sunk in alluvion is 
generally found to be good enough and in sufficient quantity for domestic purposes. The strata of 
the tertiary and secondary beds, especially the latter, are far more extensive than the preceding, 
and yield much larger quantities of water. The chalk is the great water-bearing stratum for the 
larger portion of the south of England. The water in it can be obteined either by means of 
ordinary shafts, or by Artesian wells bored sometimes to great depths, from which the water will 
frequently rise to the surface. It should be observed that water does not circulate through the 
chalk by general permeation of the mass, but through fissures. A rule given by some for the level 
at which water may be found in this stratum is : ** Take the level of the highest source of supply, 
and that of the lowest to be found. The mean level will be the depth at which water will be found 
at any intermediate point, after allowing an inclination of at least 10 feet a mile." This rule will 
also apply to (preensand. This formation contains large quantities of water, which is more evenly 
distributed than in the chalk. Tiie gault clay is interposed between the upper and the lower 
greensand, the latter of whidi also furnishes good supplies. In boring into the upper grecnsand, 
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caution shonld be obeeryed bo as not to pieroe the ganlt day, beoanae water which permeaiea 
throngh that system becomes either fermginons, or oontaminated by salts and other impurities. 

The next strata in which water is fonnd are the upper and inferior oolites, between which 
are the ELimmeridge and Oxford clays, which are separated by the coral rag. There are mstances 
in which the Oxford clay is met with immediately below the Kimmeridge, rendering any attempt 
at boring useless, because the water in the Oxford clay is generally so impure as to be unfit for use. 
And witn regard to finding water in the oolite limestone, it is impossible to determine with any 
amount of precision the depth at which it may be reached^ owing to the numerous &ults which 
occur in the formation. It will therefore be necessary to employ the greatest care before pioceeding 
with any borings. Lower down in the order are the upper lias, the marlstone, the lower lias, and 
the new red sandstone. In the marlstone, between the upper and lower beds of the lias, there may 
be found a large supply of water, but the level of this is as a rule too low to rise to the surface 
through a boring. It will be neoeesary to sink shafts in the ordinary way to reach it. 

In the new red sandstone, to find the water, borings must be made to a considerable depth, 
but when this formation exists a copious supply may be confidently anticipated, and when found 
the water is of excellent quality. This formation is, next to the chalk ana lower greensand, the 
most extensive source of water supply firom wells in England, and although the two formations 
mentioned occupy a larger area, .yet, owin^ to geographical position, the new red sandstone 
receives a more considerable quantity of rainfall, and, owing to the comparative scarceness of 
carbonate of lime, yields softer water. 

The new red sandstone is called on the Continent ** the Trias," as in Germany and parts of France 
it presents a distinct threefold division. Although the names of each of the divisions are oommonly 
used, they are in themselves local and unessential, as the same exact relations between them do not 
occur in other remote parts of Europe as in fingland, and are not to be looked for in distant 
ooutineuts. The names of the divisions and their English equivalents are ; — 

Keuper, or red marls. 

Muschelkalk, or shell limestones, not found in this country. 

Buntor sandstone, or variegated sandstone. 

The strata consist in general of red, mottled, purple or yellowish sandstones and marls, with 
beds of rock-salt, gypsum pebbles, and conglomerate. 

The region over which triussic rocks outcrop in England, stretohes across ^he island frmn a point 
in the south-western part of the English Channel about Exmouth, Devon, north-north-eastwardy 
and also from the centre of this band along a north-westward course to Liverpool, thence dividing 
and running north-east to the Tees, and north-west to Solway Firth. 

In Central Europe the trias is found largely developed, and in North America it covers an area 
whose aggregate length is some 700 or 800 miles. 

The beds, in England, may be divided as follows ; — 

Average thkkiMMu 

Keuper — ^Bed marls, with rock-salt and gypsum .. .. 1000 fl. 

Lower Keuper sandstones, with trias sandstones and marls, waterstonea 250 „ 

Dolomitic conglomerate .. 000,, 

Bunter — LTpper red and mottled sandstone 800,, 

Pebble beds, or uncompacted conglomerate 800,, 

Lower red and mottled sandstone 250 „ 

The Keuper series is introduced b^ a conglomerate often calcareous, passing up into brown, 
yellow, or white greenstone, and then into thinly laminated sandstones and marls. The other sub- 
divisions are remarkably uniform in character, except in the case of the pebble beds, which in the 
north-west form a light red pebbly building stone, but in the central counties becomes generally sb 
unconsolidated conglomerate of qnartzose pebbles. 

The following tabulated form, due to Edward Hull, shows the comparative thicknees and 
range of the triassic series along a south-easterly direction from the estuary of the Mersey, and 
also shows the thinning away of all the triassic strata from the north-west towards the south- 
east of England, which Mull was amongst the first to demonstrate. 

Table I. — Thickness anv Bakoe of the Tbias is a South-easteblt Dibfotioh 

FROM THE MkBSET. 



NjmrB of Strata. 


Wat CbMhire. 


Staffordshire. 


Leioeetorahire 

and 
Wanrkkihive. 


Keuper series— Bed marl 

Lower Keuper sandstone 
Bunter series— Upper mottled sandstone 

Pebble beds 

Lower mottled sandstone 


feet. 

3000 

450 

500 

500-750 

200^500 


feet 
800 
200 
50-200 
100-300 
O-lOO 


feet. 

700 

150 

absent. 

0-100 

absent. 



Tlie formation may be looked upon as almost equally permeable in all directions, and the whole 
mass majr be regarded as a reservoir up to a certain level, from which, whenever wells are sank, 
water will always be obtained more or less abundantly. This view is very fairly borne oat bj 
experience, and the ocoarrenoe of the water is certeinly not solely due to the presenoe of the flssuiea 
or jointe trayersing the rock, but to its permeability, which, however, yariea in different disMcta. 
In the neighbourhood of Liverpool the rock, or at least the pebble bed, is less poioiia th^ in Uie 
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neighbourhood of Whitmoro, Nottingham, and other parts of the Midland Oounties, where it 
becomes either an nnoonsolidated oonelomerate or a soft crumbly sandstone. Tet wells sunk even 
in the hard building stone of the pebble beds, either in Cheshire or Lancashire, always yield water 
at a certain variable depth. Beyond a certain depth the water tends to decrease, as was the case in 
the St. Helen's public well, situated on Eccleston Hill. At this well an attempt was made, in 
1868, to increase the supply by boring deeper into the sandstone, but without any good result. 
When water percolates downwards in the rock we may suppose there are two forces of an antagonistio 
character brought into play ; there is the force of friction, increasing with the depth, and tending 
to hinder the downward progress of the water, while there is the hydrostatic pressure tending to 
force the water downwards, and we may suppose that when equilibrium has been established 
between these two forces, the further percolation will cease. 

The proportioQ of rain which finds its way into the rook in some parts of the country must be 
very large. When the rock, as is generally the case in Lancashire, Oheshire, and Shropshire, is 
partly overspread by a coating of dense boulder clay, almost imperrious to water, the quantity pro- 
bably does not exceed one-th£rd of the rainfall over a considerable area; but in some parts of the 
Midland Oounties, where the rock is very open, and the covering of drift scanty or altogether absent, 
the percolation amounts to a much larger proportionjrprobably one-half or two-thirds, as all the 
rain which is not evaporated passes downwufds. The new red sandstone, as remarked, may 
be regarded, in respect to water supply, as a nearly homogenous mass, equally available throughout ; 
and it is owing to this structure, and tne almost entire absence of beds of impervious clay or marl, 
that the formation is capable of affording such'large supplies of water ; for tne rain which &lls on 
its surface and penetrates into the rock is free to pass in any direction towards a well when sunk in 
a central position. If we consider the rock as a mass completely saturated with water through a 
certain vertical depth, the water being in a state of equilibrium, when a well is sunk, and the water 
pumped up, the state of equilibrium is destroyed, and the water in the rock is forced in firom all 
sides. 

The percolation is, doubtless, much facilitated by joints, fissures, and fiiults, and in cases whero 
one side of a fault is composed of impervious strata, such as the Keuper marls, or coal measures, the 

Jiuantitv of water pent up against the face of the fault may be very large, and the positions often 
avourable for a well. An instance of the effect of faulte in the rock itself, in increasing the supply, 
is afforded in the case of the well at Flay brick Hill, near Birkenhead. From the bottom of this wcul 
a heading was driven at a depth of about 160 ft from the surface, to cut a fault about 150 fL 
distant, and upon this having been effected the water flowed in with such impetuosity that the 
supply, which had been 400,000 gals, a day, was at once doubled. 

The water from the new red sandstone is dear, wholesome, and pleasant to drink ; it is also well 
adapted for the purposes of bleaching, dyeine, and brewing ; at the same time it must be admitted 
that its qualities as regards hardness, in other words, the proportions of carbonates of limes and 
magnesia it contains, are subject to considerable variation, aepending on the locality and composi- 
tion of the rock. As a general rule, the water from the new red sandstone may be considered as 
occupying a position intermediate between the hard water of the chalk, and the soft water supplied 
to some of our large towns from the drainage of mountainous tracte of the primary formations, of 
which the water supplied ftom Loch Katrine to Glasgow is perhaps the purest example, containing 
only 2 - S5 grains of solid matter to the gallon. Having besides but a small proportion of saline 
ingredients^ which, while they tend to harden the water, are probably not without benefit to the 
animal economy, the water supply from the new red sandstone possesses incalculable advantages 
over that from rivers and surfi&ce drainage. Manv of our large towns are now partiallj^ or entirely 
supplied with water pumped from deep wells in tnis sandstone ; and several from copious springs 
gusning forth from the rook at ite junction with some underlying impervious stratum belonging to 
the primary series. 

Every permeable stratum may yield water, and its ability to do this, and the quantity it can 
yield, depend upon ite position and extent. When underlaid by an impervious stratum, it consti- 
tutes a reservoir of water from which a supply may be drawn by means of a sinking or a bore-hole. 
If the penneable stratum be also overlaid by an impervious stratum, the water will be under pros* 
sure and will ascend the bore-hole to a height that will depend on the height of the pointo of filtra* 
tion above the bottom of the bore-hole. Tne quantity to be obteined in such a case, as we have 
already pointed out. will depend upon the extent of surface possessed by the outorop of the permeable 
stratum. In searcning for water under such conditions a careful examination of the geological 
features of the district must be made. Frequently an extended view of the surface of the district, 
such as may be obtained ftom an eminence, and a consideration of the particular configuration of 
that surface, will be sufficient to enable the practical eye to discover the various routes which are 
followed by the subterranean water, and to predicate with some degree of certainty that at a given 
point water will be found in abundance, or tnat no water at all exists at that point. To do this, it 
is sufficient to note the dip and the surfaces of the strata which are exposed to the rains. When 
these strate are nearly horizontal, water can penetrate them only through their fissures or pores ; 
when, on the contrary, they lie at right angles, they absorb the larger portion of the water that falls 
upon their outcrop. When such strata are intercepted bv valleys numerous springs will exist 
But if, instead of oeing intercepted, the strata rise anmnd a common point, they form a kind of 
irregular basin, in the centre of whion the water will accumulate. In this case the surface springs 
will be less numerous than when the strate are broken. But it is possible to obtain water under 
pressure in the lower portions of the basin if the point at which the trial is made is situate below 
the outorop. 

The primary rocks afford generally but little water. Having been subjected to violent convul- 
sions, they are thrown into every possible position and broken by numerous fissures ; and as no per- 
meable stratum IS interposed, as m the more recent formations, no reservoir of water exists. In the 
unstratified rooks, the water circulates in all directions through the fissures that traverse them, and 
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thus oooupies no fixed level. It is also impOBsible to diMover by a sorboe ezaminafion where the 
fissures may be struck by a boring. For purposes of water supply, therefore, these rocka are of little 
importanoe. It most be remarked here, however, that large quantities of water are frequently met 
with in the magncsian limestone and the lower red sand, which form the upper portion of tho 
primary series. 

Joseph Prestwich, jnn., in his * Geological Inquiry respecting the Water-bearing Strata round 
London,' gives the following valuable epitome of the geological conditions affecting the value of 
water-bearing deposits ; and, although the illustrationB are confined to the tertiary deposit^ the 
same mode of inquiry will apply with but little modification to any other formation. 

The main points are ; — 

The extent of the superficial area occupied by the water-bearing deposit 

The lithological character and thickness of the water-bearing deposit, and the extent .of its 
underground range. 

The position of the outcrop of the deposit, whether in valleys or hills, and whether its outcrop is 
denuded, or covered with any description of drift. 

The general elevation of the country occupied by this outcrop above the leveli of the district in 
which it is proposed to sink wells. 

The quantity of rain which fells in the district under consideration, and whether, in addition, it 
receives any portion of the drainage from adjoining tracts, when the strata are impermeable. 

The disturbances which may affect the water-beuing strata, and break their continuous character, 
as by this the subterranean fiow of water would be impeded or prevented. 

To proceed to the application of the questions in the particular instance of the lower tertiary 
strata. Witii regard to the first question, it is evident that a series of permeable strata encased 
between two impermeable formations can receive a supply of water at those points only where they 
crop out and are exposed on the surface of the land. The primary conditicois Meeting the result 
depend upon the fall of rain in the district where the outcrop tskes place ; the quantity of rain- 
water which anv permeable strata can gather being in the same ratio as their respective areas. If 
the mean annual mil in any district amounts to 24 in., then each square mile will receive a daily 
average of 950,947 gallons of rain water. It is therefore a matter of essential importance to asoi^rtain, 
with as much accuracy as possible^ the extent of exposed surface of any water-bearing deposit, ao as 
to determine the maximum quantity of rain water it is capable of receiving. 

The surface formed by the outcropping of any deposit in a country of hill and valley is neoe^ 
sarily extremely limited, and it would be difficult to measure in the ordinary way. Prestwioh 
therefore used another method, which seems to give results sufficiently accurate for the purposoL 
It is a plan borrowed from geog^phers, that of cutting oot from a map on paper of uniform thick- 
ness and on a large scale, say one inch to the mile, and weighing the superficial area of each 
deposit. Knowing the weight of a square of 100 miles cut out of the same paper, it is easy to esti- 
mate roughly the area in square miles of any other surface, whatever may be its Qguie, 

MinanU Character of ths Formation, — The second <}uestion relates to the mineral character of the 
formation, and the effect it will have upon the quantitv of water which it may hold or transmit 

If the strata consist of sand, water will pass througk them with facility, and they will also hold 
a considerable ouantity between the interstices of their component grains; whereas a bed of pure 
clay will not allow of the passage of water. These are the two extremes of the case; the inter- 
mixture of these materials in the same bed will of course, according to their relative proportions, 
modify the transmission of water. Prestwich found by experiment Qud a sUiceous sand of ordinary 
character will hold on an average rather more than one-third of its bulk of water, or fnnn two to 
two and a half gallons in one cubic foot In strata so composed the water may be termed free, as 
it passes easilv in all directions, and under the pressure of a column of water is comparatively but 
little impedea by capillary attraction. These are the conditions of a true permeable stratum. 
Where tne strata are more compact and solid as in sandstone, limestone, and oolite, although all 
such rocks imbibe more or less water, yet the water so absorbed does not pass freely through the 
mass, but is held in the pores of the rock by capillary attraction, and parted with very slowly ; so 
that in such deposits water can be freely transmitted only in the planes of bedding and in fissures. 
If the water-bearing deposit is of uniform lithological character over a large area, then the propo- 
sition is reduced to its simplest form ; but when, as in the deposit between ihe London day and the 
chalk, the strata consist of variable mineral ingredients, it becomes essential to estimate the 
extent of these variations ; for very different conclusions might be drawn from an inspection of the 
lower tertiary strata at diffierent localities. 

In the fine section exposed in the cliffs between Heme Bay and the Beculvers, in England, a 
considerable mass of fossiliferous sands is seen to rise from beneath the London clay. Fig. 1498 
represents a view of a portion of this cliff a mile and a half east of Heme Bay and continued down- 
wards, by estimation, below the surface of the ground to the chalk. In this section there is evi- 
dently a very large proportion of sand, and consequently a large capacity for water. Again, at 
Upnor, near Rochester, the sands marked 3 are as much as 60 to 80 ft. thick, and continue so to 
Oravosend, Purfleot, and Erith. In the first of these places they may be seen capping Windmill 
Hill ; in the second, forming the hill, now removed, on which the lighthouse is built ; and in the 
third, in the large ballast pits on the banks of the Biver Thames. The average thickness of thcriO 
sands in this district may be about 50 to 60 ft. In their range from east to west, the beds 2 
become more clayey and less permeable, and 1, very thin. As we approach London, the thickness 
of 8 also diminishes. In the ballast pits at the west end of Woolwich, this sand-bed is not more 
than 85 ft thick, and as it passes unaer London becomes still thinner. 

Fig. 1494 is a general or average section of the strata on which London stands. The inorease 
in the proportion of the argillaceous strata and the decrease of the beds of sand, in the lower 
tertiary strata, is here very apparent, and from this point westward to Hungerford, clays decidedly 
predominate ; while at the same time the series presents such rapid variations, even on the same 
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level and at ihort diBtanocB, that no two ee«tioQ« are alike. On the Boathern botrndarf of the 
terUajy dUtrict, fKHii Cro;doD to Lefltherhead, the aanda 3 maintain a thicknesa oT 20 to 40 ft, 
whilst the aasDcialed beds of clay are of inferior in^rtance. We will take another Bsction, 
Fig. 1195, repreaeuting the tunal featniea of the depodt in the northern part of the tertiary diatrict. 



It is from a cnttiag iX a brickfield weet of the smtil village of Hedgpiky, bis miles northward ot 
Windsor- 
Here we see a large deTelopment at the ntoUled claya, and but little sand. A somewhat similar 
Motion i« exhibited at Oak End, near Chalfoiit SU Giles. Bat to show bow rapidly this seriee 
ohangea its character, the section of e. pit only a thinl of a tnile westward of the one at Hedgerley 
ifl given in Fig. 1496. 

In this latter section the mottled clays have nearly disappeared, and are rep1ac«d by beds of 
sand with thin seams of mottled clays. At Twyford, near Beading, and at Old Bamng. near 
Basingstoke, the mottled clays again oocupy, aa at Hedgerley, nearly the whole apaoe between the 
London clays aod the chalk. Near Beading, a good section of these beds was exhibited ir "~ ~ 



Booning catting of the Oreat Western Bailway : they consisted ehiedy of mottled clays. At the 
Katsgrove Pits, Beading, the beds are more mndy. Beferring bade to Fig. 1494, it mar '" 
noticed that ttiere is genwilly a small qnantity uf water found in the bed marked 1 in parts oi 
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neiahbonrhood of London. Owing, however, to the constant presence nf green and fermginoos 
eandL traces of vegetable matters uid remains of foesU shells, (be water is nsualU indifferent and 
chalybeate. The well-diners term this a slow epriog. They well express the difference by saying 
that the water creeps np from this stratum, whereas that it burets np from tlie tower sands 3, 
which is the great water-bearing stratum. In the irregular sand beds iuterstntifled with the 
mottled clays between these two strata water ia also found, bnt not in any large imantity. 

Fig. 1497 is a section at the western extremity of the tertiary dietrict at Pebble Hill, near 
Hnngraford. Bere agun the mottled clays are inconsiderable force, sands forming the smaller part 
of the seriea. 

Tho Tables II. and III. exhibit the aggregate thicknesa of alt the beds of mnd between the 



764 



HYDBOGEOLOQY. 



London clay and the chalk at Tarions localities in the tertiary diatrloi It will appear from them 
that the mean results of the whole are very different from any of those obtained in separate difisions 
of the oonntry. The mean thickness of the deposit thronjrhont tlie whole tertiary area may be 
taken at 62 ft, of which 36 ft consists of sands and 26 ft. of clays ; bnt as only a portion of this 
district contributes to the water supply of London, it will &cilitate our inquiry if we divide it into 
two parts, tlie one westward of and including London, the other eastward of it, introducing also 
some further subdivisions into each. 

Table II. — ^Heabxtrement of Seotionb Eaotward of Loin)ON. 



Soutbem Bonnduy. 



Lewisham 
Woolwich 
Upnor .. 
Heme Bay 



Average . • ,, 



9umL 



CUy. 



ft 


n. 


65 


26 


66 


18 


80? 


8 


70? 


50 



70 



25 



Northern Boondary. 



Hertford 

Beaumont Green, near Hoddes-) 

don i 

Broxboume 

Oestingthorpe, near Sudbury .. 
Whitton, near Ipswich 

Average . • • . 



Saod. ■ CUf. 



ft 
26 

16 

28 

50? 

60? 



ft 
3 

10 

2 
? 
5 



86 



The mean of the three columns in two western sectiuns gives a thickness to this formation of 
57 ft., of which only 19 ft. are sand and permeable to water, and the remaining 38 ft. consist of 
im[>ermeable clays, affording no supply of water. 

The area, both at the surfaoe and underground, over which they extend, is about 1086 square 
miles. 

Table III. — ^Measi'bement of Sectiomb Westwabd of Lokdov. 



•• 



On or near the 
Soaibem Bonndary of 
the Tertiary District 



Streatham.. 
Mitcham .. 
Croydon •• 
Epsom 
Fetcham .. 
Guildford .. 
Chinham, nearl 

Basingstoke ../ 
Iftehingswel) ,near I 

Kingsclere . . / 
Highclere .. 
Pebble Hill, near^ 

Hungerford ../ 



Sand 



Clay. 



Average 



ft 

30 

47 

35? 

31 

35 

10? 

20? 

22 

24 

9 



On • Central Line In the 
Tertiary DUstrict. 



26 



ft. 

25 

34 

20 ?| 

23 

20 

40 

30 

34 
27 
39 



29 



Sand. Clay. 
ft. ft 



.. 49 40 
U9 30 

J35 30 



London : — 
MillUnk 
Trafalgar 

Squaro 
Tottenham 

Court Boad 
Pentonville.. 34 44 

The Mint .. 49 38 
Wtiitochapel 45 50 J 

Garrett, near Wands 
worth 

Isloworth 

Twickenham .. 

Chobham 

Average . • . • 



Sand. Clay. 



ft. 



ii46 



) 



20 

17 
7 
3 



18 



ft. 



39 



52 

70 
50 
45 



51 



On or n«ar the Northern 

Bouodary of the Tertiary 

DiatrioL 



Hataeld 

Watford 

Pinner 

OakEud,GhalfontBt.^ 

Giles / 

Hodgerlry,near Slough 
Starveall 
Twyford .. 
Sonning, near Beading 
Beading .. 
Newburv .. 
Pebble Hill 



• • • • 



Average .. 



Sand. Cliy. 



ft. 
23 
25 
12 

8 

5 
13 

5 
12 
16 
20 

9 



ft. 

2 

10 

32 

40 

45 

20 
60 
54 
33 
.S6 
39 



13 



34 



The average total thickness of the eastern district deduced from the nine sections we have taken 
gives 68 ft, of which 53 ft. are sands and 15 ft. clays. The larger area, 1849 square miles, over 
which the eastern portion of tlie tertiary series extends, and the greater volume of the water* 
bearing beds, constitute important diiferences in favour of this district ; and if there bad been no 
geological disturbances to interfere with the continuous character of the strata, we might have 
looked to this quarter for a large supply of water to the artesian wells of London. 

From these tables it will be readily ]>erceived that the strata of wliich the water-bearing 
deposits are composed are very variable in their relative thickness. They consist, in fact, of 
alternating beds of clay and sand, in proportions constantly changing. In one place, as at 
Hedgerley, the aggregate beds of sand may be 5 ft. thick, and the clays 45 ft. ; whilst at another, 
as at Leathorhead, the sands may be 35 and the clays 20 ft. thick, and some such variation ia 
observable in every locality. But although we may thus in some measure judge of the capacity of 
these beds for water, this method fails to show whether the communication nom one psji of the 
area to another is free, or impeded by causes connected with mineral character. Now as we know 
that these beds not only vary in their thickness, but that Uiev also frequently thin out, and some- 
times pass one into another, it may happen that a very large development of day at any one place 
mav altogether stop the transit of the water in that locality. Thus m Fig. 1498 the beds of sand ait 
y allow of the free passage of water, but at x, where clays occupy the whole thickness, it cannot 
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pasB; the obfitraotion which this oause may offer to the undergronnd flow of water can only be 
determined by experience. It must not, howeyer, be tmppoeed that such a variation in the strata 
is permanent or general along any given line. It is always local, some of the beds of clay 
commonly thinning oat after a obtain horizontal range, so that, although the water may be 
impeded or retarded in a direct coarse, it most probably can, in piart altogidther, pass round by 
some point where the strata have not undergone toe same alteration. 

Position and Qmeral Conditions of the Ovicrop. — ^This involves some considerations to which an 
exact value cannot at present be given, yet which require notice, as they to a great extent 
determine the proportion of water which can pass from the surface into the mass of the waters 
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bearing strata. In the first place, when the outcrop of these strata occurs in a valley, as represented 
in Fig. 1499, it is evident that 6 may not onlv retain all the water which might fall on its surface, 
but also would receive a proportion of that draining off from the strata of a and c. This form of 
the Bur&ce generally prevaib wherever the water-bearing strata are softer and less coherent than 
the strata above ana below them. 

It may be observed in the lower tertiary series at Sutton, Oarshalton, and Croydon, where a 
small, shallow valley, excavated in these sands and mottled days, ranges paraUel witii the chalk 
hiUs. 

It is apparent again between Epsom and Leatherhead, and also in some places between Guild- 
ford and Famham, as well as between Odiham and Kingsclere. The Southampton Railway 
crosses this small valley on an embankment at Old Basing. 

This may be considered as the prevailing, but not exclusive, form of structure from Oroydon to 
near Hungerford. The advantage, however, to be gained from it in point of watexHBupply is much 
limited by the rather biffh angle at which the strata are inclined, as well as by Uieir small 
development, which greatly restrict the breadth of the surface occupied by the outcrop. It rarely 
exceeds a quarter of a mile, and is generally very much less, often not more Uiau 100 to 200 feet 
The next modification of outcrop, represented in Fig. 1500, is one not uncommon on the south side 
of the tertiary district The strata 6 here crop out on the slope of the chalk hills, and the rain 
fidling upon them, unless rapidly absorbed, tends to drain at once from their sorfince into the 
adjacent valleys. V, L shows the line of valley level. 

This arrangement is not unfrequent between Kingsclere and Inkpen, and also between Guild- 
ford and Leatherhead. Eastward of London it is exhibited on a larger scale at the base of the 
ohalk hills, in places between Chatham and Favershom, a line along which the sands of the lower 
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tertiary strata, 6, are more fully develcmed than' elsewhere. As, however, the surface of 6 is there 
usually more coincident with the valley level, V, L, of the distriot, it is in a better position 
for retaining more of the rainfall. 

A third position of outcrop, much more unfavourable for the water-bearing strata, prevails 
generally along the greater part of the northern boimdary of the tertiary s^ta. Instead of 
forming a valley, or outcropping at the base of the chalk hills, almost the whole length of this out- 
crop lies on the slope of the nilis, as in Fig. 1501, where the chalk c forms the base of the hill and 
the lower ground at its foot, whilst the London clay, a, caps the summit, thus restricting the out- 
crop of 6 to a very narrow zone and a slopinp^ surface. Tnis form of structure is exhibited in the 
hilb round Sonning, Beading, Hedeerley, Bickmansworth, and Watford ; thence b^ Bhenley Hill, 
Hatfield, Hertford. Sudbury ; and also at Hadleigh this position of outcrop is contmued. If, as on 
the southern side of the tertiary district, the outcrop were continued in a nearly unbroken line, 
then these unbvourable conditions would prevail uninterruptedly ; but the hills are in broken 
groups, and intersected at short distances by transverse valleys, as that of the Kennet at Beading, 
of the Loddon at Twyford, of the Colne at iJxbridge, and so on. Between Watford and Hatfield 
there is a constant succession of small valleys running back for short distances from the lower 
distriot of the chalk, through the hills of the tertiary district. The valley of the Lea at Boydon 
and Hoddesdon is a similar and stronger case in point The effect of these transverse valleys is to 
point out a larger surface of the 'strata 6 than would otherwise be exposed, for if the horizontal line 
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The last qaestioii to be considered relates to the distnrbanoes which may have affected the strata ; 
for whatever may be the abeorbeiit power of the strata, the yield of water will be more or less 
diminished whenever the channels of commnnication have suffered break or fracture. 

If the strata remained continuous and unbroken, we should merely have to ascertain the dimen* 
sions and lithological character ; if the strata is broken, the interference with the subterranean 
transmission of water will be proportionate to the extent of the disturbance. 

Although the tertiary formations around London have probably suffered less from the action of 
disturbing forces than the strata of any other district of the same extent in England, yet they 
nevertheless now exliibit considerable alterations from their original position. 

The principal change has been that which, by elevation of the sides or depression of the centre 
of the district, gave the tertiary deposits their present trough-shaped form, assuming it not to be the 
result of original deposition. If no further change had taken place, we might have expected to find 
an uninterrupted communication in the lower tertiary strata from their northern outcrop at Hertford 
to their soutnem outcrop at Croydon, as well as from Newbu^ on the west to the sea on the east ; 
and tiie entire length of 260 miles of outcrop would have contributed to the general supply of water 
at the centre. 

But this is far from being the case ; several disturbing canses have deranged the regularity of 
original structure. The principal one has caused a low axis of elevation, or rather line of flexure 
runniDg east and west, following nearly the course of the Thames from the Nore to Deptford, and 
apparently continued thence beyond Windsor. It brings up the chalk at Cliff, Purfleet, Woolwich, 
and Loampit HUl to varied but moderate elevations above ibe river level. Between Lewisham ana 
Deptford the chalk disappeara below the tertiary series, and does not come to the surface till we 
reach the neighbourhooa of Windsor and liaidenhead. 

There is also, probablv, another line of disturbance running between some points north and 
south, and intersecting the first line at Deptford. It passes apparently near Beckenham and 
Lewisham, and then, crossing the Thames near Deptford, continues up a part, if not along the whole 
length of the valley of the Lea towards Hoddesdon. This disturbance appears in some places to 
have resulted in a fracture or a fault in the strata, placing the beds on the east of it on a higher 
level than those on the west; and at other places merely to have produced a curvature in the strata. 
Prratwich states that he was unable to give its exact course, but its effect, at all events upon the 
water supply of London, is important, as, in conjunction with the first or Thames valley dis- 
turbance, it cuts off the supplies from the whole of Kent, and interferes most materially with the 
supply from Essex ; for in its course up the valley of the Lea it either brings up the lower tertiary 
strata to the surface, as at Stratford and Bow, or else, as farther up the v^ey, it raises them to 
within 40 or 60 ft. of the surface. 

The tertiary district thus appears, on a general view, to be divided naturally into four portions 
by lines running nearly north and south, tne former line passing immediately south^ and the latter 
east of London, which stands at the south-east comer of the north-western division, and conse- 
quently it must not be viewed as the centre of one large and unbroken area, so fiur as the tertiary 
strata are conoemed. 

INDICATOR. 

In testing or experimenting with a steam engine we are compelled, in most cases, to accept as final 
the results given by the indicator. Only now and then do circumstances allow a comparison to be 
made between a pressure measured directly, and the same pressure estimated from the compression 
of the spring, and even in these few cases the direct measurement of the pressure is generally made 
only by a lk>urdon gauge, which, if there be a discrepancy, is quite as liicely to be incorrect as the 
indicator spring, it is seldom possible to check the indications of a spring, or obtain an approxi- 
mate value to its error. 

Berndt, of Chemnitz, has however, during 1874-76, made a series of experiments, which are of 
importance, as to the matter in question. 

These investigations were intended to give information as to how far the springs are, in themselves, 
perfecUy elastic within their working limits, both at the usual temperature and when heated ; how 
far Uieir whole behaviour in the indicator cylinder, under steam, agrees with or differo from their 
behaviour when tested free, hot or cold ; to what extent such differences could be traced to piston 
friction, pencil friction, or other more or less preventible or measurable causes ; whether the scales 
supplied and commonly used with the springs gave really correct readings, within reasonable limits 
of error, and if not how more accurate readings could be obtained ; whether the varying extension 
on the spring caused any appreciable error. 

The firat series of experiments had for its object to test how fSeir the elasticity of the springs 
themselves, independently altogether of the indicators, was perfect, how far, that is, the compression 
of the springs was proportional to the pressure acting upon them, and how closely they returned to 
their original lengths on the removal of the pressure. The first eight springs of Table L, A, to E, 
were tested at ordinary atmospheric temperature. 

The spring was placed vertically on the faced surface of a specially made bracket, which was 
itself supported on a stand resting on a stone foundation. A turned steel pin was passed down 
through the spring, its head resting fair on the upper brass ring, and its lower end having provision 
for attaching the scale in which the weights were placed. The weight of the pin and scale 
together was 0* 143 kilos. A small, very finely engraved cross was marked on the side of the top 
ring, and another similarly on the bottom ring of the spring, the points given by these crosses 
serving as points to which lengths could be measured. The actual measurement was done by 
means of a very accurate kathetometer, reading with certainty to 0*05 of a millimetre and by 
estimation to 0' 01 of a millimetre. All the readings were taken to two places of decimals, but the 
last figure is always liable to an error of estimation of about 0*02 of a millimetre. The katheto- 
meter was placed a little over 5 fL from the spring, and instead of adjusting the level attached to 
its telescope completely each time a reading was taken, a correction was veiy carefully determined 
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onoe for all for different noaitions of the bubble in the level, and this oorreetion was added to of 
subtracted from each reaaing. 

Seven indicators in all were nsed in the experiments, and ten springs. For brevity's sake we 
^<Jl lefer to these by letters, the nse of which will be onderstood from Table I. 

Table I. — Ikdicatobs and Spbings ttsed nr ExPEBDuam with Biorabds* iKffTBtmMTs. 



Refierence Letter 
for 


Maximum Preasnre 

for which Spring 

was intended. 


Diameter of 
Cylinder. 


Ratio of 
Increase of 
Stroke 
by Par. 
MoUon. 


Maker. 




Befereoco 

No. in 

Original 

Accounts 


Indicator. 


Spring. 


of Ex- 
periments 


A 
A 

B 


D 
D 
E 
F 
G 


A. 
A. ^ 
B 

S« 
0. 

E 
F 
G 


6 atmospheres 

3 „ 

80 lb. a sq. in. 

6 kilos a sq. cm. 

3 

10 atmospheres 

3 

6 

60 lb. a sq. in. 


cm. 
}2'00 

202 
|l-96 

^•96 

1^97 
2*02 
202 


3-30 
3-99 
3-91 

3-28 

340 

4^07 
3-99 


Soh&ffer & Budenberg 

Elliott Brothers 
Sohaffer & Budenberg 

Elliott iBrothers 


• • 

litUe used 
very little used 

• • 
a good deal used 

Uttle'used 


221 

1834 

895 

474 

806 
466 
499 



The distance between the marks was read first with the spring unloaded, and then with 
gradually increased loads, plaoed on the scale until the sprinff was compressed to an extent corre- 
sponding to the maximum pressure for which it was designed. The weights were then removed 
and a reading made when tne spring was once more free. The first and the last readings were 
compared and the set measured, and then lastly the spring was forcibly extended 3 or 4 mm^ and 
allowed to reoover itself, and its length measured again to see whether it had entirely lost any set 
it might have taken. 

The measurements of lengths and pressures were all recorded in millimetres and kilogrammes 
respectively. The small lengths or alterations of lenf^th which are dealt with can be mndi more 
easil V stated in millimetres than in inches ; if inches mdeed were used at all, we should have a 
hundredth of an inch as a unit. All the most important quantities obtained as results of the 
experiments are ratios and percentages, and therefore quite independent of the units of measure- 
ment empl^ed, and applicable directly, without changing one measure into another. 

Table XL gives in a condensed form the results of the series of experiments described. 

Table II.— Sfbino A|. 

Original length 46*13 mm. 

Final length 46^04 m 

Set per cent, of maximum compression 0*59 

Length after 3 mm. extension 46*07 mm. 

Mean compression a kilogramme 0*89 ^ 





Load Kilos. 


Oompresflkm 
MiUlmetres. 


Oompresiion 
a Kilo. 


DHfarenoe flrom Mean. 


Differenos firom Final. 






Absolute. 


Per Gent 


Absolute. 


Per Gent 






I. 


II. 


lU. 


17. 


V. 


VI. 


VII. 






1*5 

4-5 

90 

13*5 

180 


1-43 

3^99 

7^86 

11-62 

1514 


0*95 
0-89 
0*87 
0*86 
0*84 


+ 06 
•00 
-•02 
-•03 
-•05 


6^7 
0*0 
2*2 
3*3 
5*6 


+ 11 
+ •05 
+ 03 
+ 02 
•00 


131 
5*9 
3*6 
2*4 
00 





Table IIL— Spbinq A,. 

Original length 45*77 mm. 

Final length 45*71 „ 

Set per cent, of maximum compression 0*33 

Length after 5 mm. extension 45*80 mm. 

Mean compression a kilogramme 1*79 „ 





I. 


IL 


III. 


17. 


V. 


VL 


VIL 






114 


1*14 


1-87 


+ •08 


45 


+ •14 


8-1 






314 


5*64 


1-79 


•00 


0^0 


+ •06 


8-5 






514 


9*03 


176 


-•03 


1-7 


+ •03 


1-7 






714 


12-33 


172 


-•07 


39 


+ •02 


1-1 






10-50 


18^ 15 


1^73 


-•06 


33 


•00 


0^0 
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